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1 Intr oduction

Figure1 givesanoverview of theclassesthatmake upOverture.In thisdocumentwewill discussgridsandgrid functions.
Documentationcanbe foundon theOverturehomepage,http://www.llnl.gov/casc/Overture, andincludes

thefollowing documentsthatmaybeof interest

� A++ QuickReferenceCard: A++P++/DOCS/Quick Reference Card.tex

� A primerfor Overture[?].

� Grid andgrid functiondocumentation[?].

� Finitedifferenceoperatorsandboundaryconditions[?].

� Finitevolumeoperators[?].

� Mappingclassdocumentation[?].

� Show file documentation[?].

� Interactiveplotting[?].

� Oges“EquationSolver” documentation[?].

� Interactivegrid generationdocumentation[?].

� Theotherstuff documentation[?].

� TheOverBlown Navier-Stokesflow solver [?][?].

2 Grids

Gridsandcollectionsof gridsarethefundamentalobjectsthatPDEsolvershaveto dealwith. Thegrid classesthataredescribed
herearedesignedsothatthey canbeusedby aawidevarietyof PDEsolversincluding

� solverswritten for asinglerectangulargrid

� solverswrittenwith AMR++ to performadaptive computations

� solverswrittenwith Overturefor overlappinggrids

� solversthatcombineAMR++ andOverture

Hereis a list of thevariousgrid classes.TheGenericgridsarenot reallyusedfor anythingexceptto derive from.

� GenericGrid - Deriveall gridsfrom this class.Thiscanbethebaseclassfor bothstructuredandunstructuredgrids.

� MappedGrid : GenericGrid - Logically rectangulargrid with amapping.Thisclasssupportsthecreationof avarietyof
geometryarrayssuchasthevertexCoord, vertexDerivatives andalsoholdsboundaryconditioninformation
etc.

� GenericGridGridCollection - A collectionof GenericGrid’s. Baseclassfor all collectionsof grids.

� GridCollection : GenericGridCollection - A collectionof MappedGrid’s. Also containsconnection(interpolation)
informationandmask arraysandparent/child/siblinginformationfor adaptive grids.May bea valid “overlapping”grid
(gridscover theentiredomain)or mayjustbeasubsetof thegridscontainedin avalid “overlapping”grid.

� CompositeGrid : GridCollection - This is avalid “overlapping”grid, gridscover theentirecomputationaldomain.
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�

Figure1: An overview of theOvertureclasses
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2.1 MappedGrid

*** This documentationis out of date ***
Themappedgrid is a logically rectangulargrid with amappingfunction.
DefinetheRanges�����	��
��	��
 to defineall pointsonacomponentgrid:

const int Start=0, End=1, axis1=0, axis2=1, axis3=2;
CompositeGrid cg;
MappedGrid & mg = cg[grid];
Range R1(mg.dimension(Start,axis1),mg.dimension(End,axis1));
Range R2(mg.dimension(Start,axis2),mg.dimension(End,axis2));
Range R3(mg.dimension(Start,axis3),mg.dimension(End,axis3));
Range ND(0,cg.numberOfDimensions);

Recallthatwe denotetheaxesof theunit square(or cube)by ��� , ��� , (and ��� ). SomearrayssuchastheboundaryCon-
dition array, associatevalueswith eachsideof agrid. Thesidesof thegrid canbedenotedby ������� or ������� . Thesearrays
aredimensionedasboundaryCondition(0:1,0:2) with

��� �"!$#&% ��')( �*!$#	+-,.+��*!�/102+�#43 � %65"+�0�7 � valuefor ��8:96�<;=� 02+�#43 � 02+�#43 �����>�?� %65"+�0 �?�������@
 (1)

Somearrays,suchasthearrayof vertex coordinates,comein threeflavours,vertex, vertex2D andvertex1D. The
first is dimensionedvertex(R1,R2,R3,ND) andthuslooks like an arrayfor a threedimensionalgrid. Whenthe grid is
two-dimensionaltheRangeR3 will only have 1 point. This arrayis usefulwhenwriting a codethatwill work in both3D and
2D. Thearrayvertex2D(R1,R2,ND) is only availablewhenthegrid is two-dimensional.

� IntArray boundaryCondition(0:1,0:2) Boundaryconditionflags,positive for a realboundary, negative for a periodic
boundaryandzerofor aninterpolationboundary.

� IntArray boundaryDiscretizationWidth(0:2) Width of theboundaryconditionstencil.

� realMappedGridFunction center(R1,R2,R3,ND)Coordinatesof discretizationcentres.

� realMappedGridFunction center2D(R1,R2,ND)Coordinatesof discretizationcenters,for a two-dimensionalgrid.

� realMappedGridFunction center1D(R1,ND)Coordinatesof discretizationcenters,for aone-dimensionalgrid.

� realMappedGridFunction centerDerivative(R1,R2,R3,ND,ND)Derivative of the mappingat the discretizationcen-
ters.

� realMappedGridFunction centerDerivative2D(R1,R2,ND,ND)Derivative at the discretizationcenters,for a two-
dimensionalgrid.

� realMappedGridFunction centerDerivative1D(R1,ND,ND)

� FloatMappedGridFunction centerJacobian(R1,R2,R3)Determinantof centerDerivative.

� IntArray dimension(0:1,0:2)Dimensionsof grid arrays– actualsizeof theA++ arrays,includingghostpoints.

� IntArray discretizationWidth(0:2) Interiordiscretizationstencilwidth (default=3)

� IntArray gridIndexRange(0:1,0:2)Index rangeof gridpoints,excludingghostpoints.

� realArray gridSpacing(0:2)Grid spacingin theunit square,equalto 1 over thenumberof grid cells.

� IntArray indexRange(0:1,0:2)Index rangeof computationalpoints,excludingghostpointsandexcludingperiodicgrid
lineson the“End”.

� LogicalR isAllCellCentered Grid is cell-centredin all directions(variablenamemisspelledfor historial reasons,circa
1776)

� LogicalR isAllVertexCentered Grid is vertex-centredin all directions

� LogicalArray isCellCentered(0:2)Is thisgrid cell-centredin eachdirection.

� IntArray isPeriodic(0:2) Grid periodicity, equaloneif notPeriodic,derivativePeriodicor functionPeriodic.
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� realMappedGridFunction inverseVertexDerivative(R1,R2,R3,ND,ND)Inversederivative of themappingat thever-
tices. inverseVertexDerivative(i1,i2,i3,axis,dir) is the partial derivative of ��8:96�<; with respesctto5BA �<C .

� realMappedGridFunction inverseVertexDerivative2D(R1,R2,ND,ND)Inversederivative at the vertices,for a two-
dimensionalgrid.

� realMappedGridFunction inverseVertexDerivative1D(R1,ND,ND)Inversederivativeatthevertices,for aone-dimensional
grid.

� realMappedGridFunction inverseCenterDerivative(R1,R2,R3,ND,ND)Inversederivative at the discretizationcen-
ters.

� realMappedGridFunction inverseCenterDerivative2D(R1,R2,ND,ND)Inversederivativeatthediscretizationcenters,
for a two-dimensionalgrid.

� realMappedGridFunction inverseCenterDerivative1D(R1,ND,ND)Inversederivativeat thediscretizationcenters,for
aone-dimensionalgrid.

� IntMappedGridFunction mask(R1,R2,R3)maskarraythatindicateswhichpointsareusedandnotused.

� MappingRC mapping Grid mapping(MappingRCis a referencecountedMappingwhich behaves like the Mapping
class)

� FloatArray minimumEdgeLength(0:2)Minimum grid cell-edgelength.

� FloatArray maximumEdgeLength(0:2)Maximumgrid cell-edgelength.

� IntR numberOfDimensionsNumberof spacedimensions,anIntR is basicallyanint (usedfor referencecounting).

� IntArray numberOfGhostPoints(0:1,0:2)numberof ghostpointsoneachside.

� realMappedGridFunction vertex(R1,R2,R3,ND)Vertex coordinates.

� realMappedGridFunction vertex2D(R1,R2,ND)Vertex coordinates,for a two-dimensionalgrid.

� realMappedGridFunction vertex1D(R1,ND)Vertex coordinates,for aone-dimensionalgrid.

� FloatArray vertexBoundaryNormal[3][2] Outwardnormalvectorsat theverticeson eachboundary. Thesearraysare
dimensionedsothatthey lie on their respective boundary:

– vertexBoundaryNormal[0][0](R1.getBase():R1.getBase(),R2,R3,ND),

– vertexBoundaryNormal[0][1](R1.getBound():R1.getBound(),R2,R3,ND),

– vertexBoundaryNormal[1][0](R1,R2.getBase():R2.getBase(),R3,ND),

– vertexBoundaryNormal[1][1](R1,R2.getBound():R2.getBound(),R3,ND),

– etc.

� FloatArray centerBoundaryNormal[3][2] Outwardnormalvectorsat thecentersoneachboundary.

� realMappedGridFunction vertexDerivative(R1,R2,R3,ND,ND)Derivativeof themappingatthevertices,vertexDe-
riavtive(i1,i2,i3,axis,dir) is thepartialderivative of

5 8:9>�<; with respesctto � A �<C .
� realMappedGridFunction vertexDerivative2D(R1,R2,ND,ND)Derivative of the mappingat the vertices,for a two-

dimensionalgrid.

� realMappedGridFunction vertexDerivative1D(R1,ND,ND)Derivativeof themappingatthevertices,for aone-dimensional
grid.

� FloatMappedGridFunction vertexJacobian(R1,R2,R3)Determinantof vertexDerivative.

Onemayspecify(or change)whicharraysareto exist in theMappedGrid by callingtheupdate functionwith aninteger
bit-flag. Thevaluesof thebit flagaredeterminedfrom thefollowing enumerator
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enum {
USEmask = USEgenericGrid << 1,
USEinverseVertexDerivative = USEmask << 1,
USEinverseCenterDerivative = USEinverseVertexDerivative << 1,
USEvertex = USEinverseCenterDerivative << 1,
USEcenter = USEvertex << 1,
USEvertexDerivative = USEcenter << 1,
USEcenterDerivative = USEvertexDerivative << 1,
USEfaceNormal = USEcenterDerivative << 1,
USEvertexJacobian = USEfaceNormal << 1,
USEcenterJacobian = USEvertexJacobian << 1,
USEvertexBoundaryNormal = USEcenterJacobian << 1,
USEcenterBoundaryNormal = USEvertexBoundaryNormal << 1,
USEmappedGrid = USEcenterBoundaryNormal // Do not use.

};

� MappedGrid(const String & file, constString & name)Constructorfrom databasefile andname.

� MappedGrid(Mapping & mapping) Constructorfrom amapping.

� void updateReferences()Setreferencesto reference-counteddata.

� void update(constInt what = USEtheUsualSuspects)Updatethegrid.

For furtherdetailsconsultthedocumentationsitting in thechairin Geoff ’soffice.

2.2 GridCollection

Seethedescriptionof aCompositeGrid.

2.3 CompositeGrid

*** This documentationis out of date ***
A CompositeGridis acollectionof MappedGrid’salongwith theinformationneededfor interpolatingbetweencomponent

grids.
DefinetheRanges

const int Start=0, End=1, axis1=0, axis2=1, axis3=2;
CompositeGrid cg;
MappedGrid & mg = cg[grid];
Range R1(mg.dimension(Start,axis1),mg.dimension(End,axis1));
Range R2(mg.dimension(Start,axis2),mg.dimension(End,axis2));
Range R3(mg.dimension(Start,axis3),mg.dimension(End,axis3));
Range ND(0,cg.numberOfDimensions());
Range NG(0,cg.numberOfComponentGrids());
Range MG(0,cg.numberOfMultigridLevels());

Range NI(0,cg.numberOfInterpolationPoints(grid));

� IntR numberOfComponentGrids Numberof componentgrids(MappedGrid’s).

� IntR numberOfDimensionsNumberof spacedimensions.

� IntArray numberOfInter polationPoints(NG) Thenumberof interpolationpointsoneachcomponentgrid.

� LogicalR interpolationIsAllExplicit

� LogicalArray interpolationIsImplicit(NG,NG)

� IntArray interpolationWidth(3,NG,NG) Thewidth of theinterpolationstencil(direction,toGrid, fromGrid).

� realArray interpolationOverlap(3,NG,NG)Theminimumoverlapfor interpolation(direction,toGrid, fromGrid).

� ListOfReferenceCountedObjectsD realArray E interpolationCoordinates[NG](NI,ND) Coordinatesof interpolation
point on componentgrid “grid” areinterpolationCoordinates[grid](n,axis) for �GF ! F numberOf-
InterpolationPoints(grid).

11



� ListOfReferenceCountedObjectsD IntArray E interpoleeGrid[NG](NI) Index of the“interpoleegrid”, i.e. this is the
index of thegrid from whichwe interpolate.

� ListOfReferenceCountedObjectsD IntArray E interpoleeLocation[NG](NI,ND) Locationof interpolationstencilon
theinterpoleegrid, this is theindex of thelower left cornerof thestencil.

� ListOfReferenceCountedObjectsD IntArray E interpolationPoint[NG](NI,ND) Indicesof interpolationpoint.

� ListOfReferenceCountedObjectsD realArray E interpolationCondition[NG](NI) Interpolationconditionnumber.

� IntGridCollectionFunction mask[NG](R1,R2,R3)Flagarray, positive for discretizationpoint, negative for interpola-
tion point,zerofor unusedpoint.

� ListOfReferenceCountedObjectsD MappedGrid E grid[NG] Hereis thelist of MappedGrid’s.

Herearevariablesrelatedto multigrid levels

� IntR numberOfMultigridLe vels

� IntArray coarseToFineWidth(0:2,NG,MG) Prolongationstencilwidth

� IntArray coarseToFineIsImplicit(NG,MG) Prolongationis alwaysimplicit.

� IntArray fineToCoarseWidth(0:2,NG,MG) Restrictionstencilwidth

� IntArray fineToCoarseIsImplicit(NG,MG) Restrictionis alwaysimplicit.

� IntArray fineToCoarseFactor(0:2,NG,MG) Ratioof this to coarserlevel

� ListOfReferenceCountedObjectsD CompositeGridE compositeGrid
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ReferenceCounting

GenericGridFunction
�

MappedGridFunction

GridCollectionFunction
�

GenericGridCollectionFunction
�

CompositeGridFunction

N

A++ typeArray
�

Figure4: Classdiagramfor grid functionclasses

3 GridFunctions

Almost all applicationsthat usegrids will alsoneedto usegrid functions. For example,a PDE solver will needto storethe
valuesof thesolution(velocity, pressure,density, ...). Thesevaluesaredefinedat eachpoint on thegrid. A grid functionwill
thusholdoneor morevaluesfor eachpointonthegrid. Thegrid functionwill beassociatedwith agrid andthuswill know how
to dimensionitself. Grid functionsalsocomewith a collectionof operations.Theseoperationsincludethestandardarithmetic
operatorsaswell asmoresophisticatedoperationssuchasdifferentiationandinterpolation.

Hereis a list of theavailablegrid functions.Basicallyeachtypeof grid hasagrid functionassociatedwith it. Thekeyword
“type” canbeany of double, float or int.

� typeMappedGridFunction : typeArray - this grid functionis associatedwith aMappedGrid andis derivedfrom an
A++ array.

� typeGridCollectionFunction - this grid function is a collectionof typeMappedGridFunction’s andis associated
with aGridCollection.

� typeCompositeFunction- this grid functionis a collectionof typeMappedGridFunction’s andis associatedwith
aCompositeGrid.
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3.1 MappedGridFunction

This is a grid functionthatcanbeusedwith a MappedGrid.Themainpurposeof theMappedGridFunction is to act like
a “smart” A++ array. (Not thatA++ arraysarenot alreadyprettysmart).This classis derived from anA++ arraysoall A++
operationsaredefined.Sinceit is associated(hasa pointerto) a MappedGrid, this grid function knows how to dimension
itself andhow to updateperiodicedgeswhenthegrid is periodic. It alsoknows how to updateitself whentheMappedGridis
changed(perhapsthenumberof pointson thegrid is increased).Heretheupdateonly involvesredimensioning;not assigning
valuesto thenew grid function.

Thetypesof MappedGridFunctionsarefloatMappedGridFunction, doubleMappedGridFunction, andint-
MappedGridFunction.

This is a referencecountedclasssothatthereis noneedto keepapointerto agrid function.Usethereference member
functionto make onegrid functionreferenceanother.

A grid function takessomeof it’s dimensionsfrom the MappedGridthat it is associatedwith. The index positionsin a
MappedGridFunctioncorrespondingto thedimensionsof thegrid arecalledthecoordinatepositions.A grid functioncanalso
have oneor morecomponentpositionswhich indicatehow many valuesarestoredat eachgrid point. Consideranexample
of a MappedGridin 2D with dimensions(-1:11,-1:11) (thesevaluesarestoredin theMappedGridin thedimension
array).A MappedGridFunctiondefinedonthisMappedGridcouldhavedimensionsu(-1:11,-1:11,0:2). Thisgrid func-
tion u has3 components(0:2), andu.positionOfCoordinate(0)=0, u.positionOfCoordinate(1)=1 and
u.positionOfComponent(0)=2. A MappedGridFunctioncouldalsobecreatedasu(0:1,-1:11,-1:11) in which
caseu.positionOfCoordinate(0)=1,u.positionOfCoordinate(1)=2 andu.positionOfComponent(0)=0.

In thedescriptionof thememberfunctionsthat follow, MappedGridFunction will standfor oneof floatMapped-
GridFunction,doubleMappedGridFunction, orintMappedGridFunction. In addition,any referencestodou-
ble will changeto float or int.

3.1.1 Public enumerators

Herearethepublicenumerators:

edgeGridFunctionValues: Usethesevaluesto createspecialRangeobjectsto definegrid functionsonboundaries.

enum edgeGridFunctionValues // these enums are used to declare grid functions defined on faces or edges
{

startingGridIndex =-(INT_MAX/2), // choose a big negative number assuming that
biggerNegativeNumber=startingGridIndex/2, // no grid will ever have dimensions in this range
endingGridIndex =biggerNegativeNumber/2,
bigNegativeNumber =endingGridIndex/2

};

stencilTypes: Herearesomesstandardstenciltypesfor coefficientmatrices.

enum stencilTypes // if the grid function holds a coefficient matrix
{ // these are the types of stencil that it may contain

standardStencil, // 3x3 int 2D or 3x3x3 in 3D (if 2nd order accuracy)
starStencil, // 5 point star in 2D or 7pt star in 3D (if 2nd order accuracy)
generalStencil

};

updateReturnValue: The value returnedfrom the updateToMatchGrid andupdateToMatchGridFunction is a
maskformedby abitwiseor of thefollowing values:

enum updateReturnValue // the return value from updateToMatchGrid is a mask of the following values
{

updateNoChange = 0, // no changes made
updateReshaped = 1, // grid function was reshaped
updateResized = 2, // grid function was resized
updateComponentsChanged = 4 // component dimensions may have changed (but grid was not resized or reshaped)

};
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Figure5: Classdiagramfor aMappedGridFunction
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3.1.2 Constructors

MappedGridFunction ()

Description: Default constructor

Author: WDH

3.1.3 Constructors

MappedGridFunction(MappedGrid & grid0)

Description: Createagrid functionandassociatewith aMappedGrid.Thegrid functionwill bea”scalar”asin thedeclaration:

Range all;
MappedGrid mg(...);
MappedGridFunction u(mg,all,all,all);

grid0 (input): grid to associatethis grid functionwith.

Author: WDH

MappedGridFunction(MappedGrid & grid0,
constRange& R0,
constRange& R1 =nullRange,
constRange& R2 =nullRange,
constRange& R3 =nullRange,
constRange& R4 =nullRange,
constRange& R5 =nullRange,
constRange& R6 =nullRange,
constRange& R7 =nullRange)

Description: This constructortakes ranges,the first 3 ”nullRange” valuesare taken to be the coordinatedirectionsin the
grid function. Eachgrid function is dimensionedaccordingto the dimensionsfound with the MappedGrid, using
thedimension values. Grid functionscanhave up to 8 dimensions,the index positionsnot usedby the coordinate
dimensionscanbeusedto storedifferentcomponents.For example,a vectorgrid functionswould use1 index position
for componentswhile amatrixgrid functionswouldusetwo index positionsfor components.

grid0 (input): MappedGridto associatethisgrid functionwith.

R0, R1, R2, ... (input): Rangesto determinethe shapeandsizeof the grid function. An int canalsobe usedinsteadof a
Range.

Examples: Herearesomeexamples

// R1 = range of first dimension of the grid array
// R2 = range of second dimension of the grid array
// R3 = range of third dimension of the grid array

MappedGrid mg(...);

Range R1(mg.dimension()(Start,axis1),mg.dimension()(End,axis1));
Range R2(mg.dimension()(Start,axis2),mg.dimension()(End,axis2));
Range R3(mg.dimension()(Start,axis3),mg.dimension()(End,axis3));

Range all; // null Range is used to specify where the coordinates are

MappedGridFunction u(mg); // --> u(R1,R2,R3);

MappedGridFunction u(mg,all,all,all,1); // --> u(R1,R2,R3,0:1);
MappedGridFunction u(mg,all,all,Range(1,1)); // --> u(R1,R2,1:1,R3);

MappedGridFunction u(mg,2,all); // --> u(0:2,R1,R2,R3);
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MappedGridFunction u(mg,Range(0,2),all,all,all); // --> u(0:2,R1,R2,R3);
MappedGridFunction u(mg,all,Range(3,3),all,all); // --> u(R1,3:3,R2,R3);

Author: WDH

MappedGridFunction(MappedGrid & grid0,
constGridFunctionParameters::GridFunctionType & type,
constRange& component0=nullRange,
constRange& component1=nullRange,
constRange& component2=nullRange,
constRange& component3=nullRange,
constRange& component4=nullRange)

Description: This constructoris usedto createa grid functionof somestandardtype. Thestandardtypesaredefinedin the
GridFunctionParameters::GridFunctionTypeenum,

� vertexCentered: grid functionis vertex centred� cellCentered: grid functionis cell centred� faceCenteredAll: grid functioncomponentsarefacecentredin all directions� faceCenteredAxis1: grid functionis facecentredalongaxis1� faceCenteredAxis2: grid functionis facecentredalongaxis2� faceCenteredAxis3: grid functionis facecentredalongaxis3� general: meanssameasvertexCenteredwhenusedin this constructor

grid0 (input): UsethisMappedGrid

type (input): Make this typeof grid function.

component0,component1,...(input): supplyaRangefor eachcomponent.

Examples: Herearesomeexamples:

MappedGrid mg(...);
realMappedGridFunction u(mg,GridFunctionParameters::vertexCentered,2); // u(mg,all,all,all,2);
realMappedGridFunction u(mg,GridFunctionParameters::cellCentered,2,3); // u(mg,all,all,all,2,3);
realMappedGridFunction u(mg,GridFunctionParameters::faceCenteredAll,2); // u(mg,all,all,all,2,faceRange);
realMappedGridFunction u(mg,GridFunctionParameters::faceCenteredAll,3,2);// u(mg,all,all,all,3,2,faceRange);

Remarks: A facecenteredgrid functionalongaxis=axis0is vertex centeredalongaxis0andcell centeredalongtheotheraxes.

Author: WDH

MappedGridFunction(const MappedGridFunction & cgf,
constCopyType copyType =DEEP)

Description: Copy constructor, deepcopy by default

Notes: This routinewaschanges011103to call theunderlyingA++ copy constructor. This wasnecessaryfor functionsthat
returna realMGFby value. On somecompilers,like the SunCC 4.2 Thesereturnby valuetemporarieswould not be
deletedimmediatelybut ratherstay arounduntil the endof scope– this could result in a low of extra storagebeing
required.SeethetestcodeotherStuff/memoryUsage.Cfor examples.

Author: WDH

3.1.4 applyBoundaryConditions

void
applyBoundaryConditions( constreal& time = 0.)

Description: Apply theboundaryconditionsto this grid function. This routinejust callsthefunctionof thesamenamein the
MappedGridOperators.
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3.1.5 assignBoundaryConditionCoefficients

void
assignBoundaryConditionCoefficients(H constreal& time = 0.)

Description: Fill in thecoefficientsof theboundaryconditionsinto this grid function. This routinejust calls the functionof
thesamenamein theMappedGridOperators.

3.1.6 assignBoundaryCondition

void
applyBoundaryCondition(const Index & Components,

constBCTypes::BCNames& bcType = BCTypes::dirichlet,
constint & bc = BCTypes::allBoundaries,
constreal& forcing =0.,
constreal& time =0.,
constBoundaryConditionParameters&

bcParameters= Overtur e::defaultBoundaryConditionParameters(),
constint & grid =0 )

void
applyBoundaryCondition(const Index & Components,

constBCTypes::BCNames& bcType,
constint & bc,
constRealArray & forcing,
constreal& time =0.,
constBoundaryConditionParameters&

bcParameters= Overtur e::defaultBoundaryConditionParameters(),
constint & grid =0 )

void
applyBoundaryCondition(const Index & Components,

constBCTypes::BCNames& bcType,
constint & bc,
constRealArray & forcing,
realArray *f orcinga[2][3],
constreal& time =0.,
constBoundaryConditionParameters&

bcParameters= Overtur e::defaultBoundaryConditionParameters(),
constint & grid =0 )

If forcinga[side][axis]!=NULL thenusethisarray, otherwiseuseforcing.

void
applyBoundaryCondition(const Index & Components,

constBCTypes::BCNames& bcType,
constint & bc,
constMappedGridFunction & forcing,
constreal& time =0.,
constBoundaryConditionParameters&

bcParameters= Overtur e::defaultBoundaryConditionParameters(),
constint & grid =0 )

Description: Apply aboundaryconditionto thegrid function.This functionjust callsthecorrespondingfunctionin Mapped-
GridOperators.Seetheoperatordocumentationfor furtherdetails.

void
applyBoundaryCondition(const Index & Components,

constBCTypes::BCNames& bcType,
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constint & bc,
constRealDistributedArray & forcing,
constreal& time =0.,
constBoundaryConditionParameters&

bcParameters= Overtur e::defaultBoundaryConditionParameters(),
constint & grid =0 )

3.1.7 breakReference

void
breakReference()

Description: Thismemberfunctionwill causethegrid functionto no longerbereferenced.Thegrid functionacquiresits own
copy of thedata.

Author: WDH

3.1.8 dataCopy

int
dataCopy(constMappedGridFunction & mgf )

Description: copy thearraydataonly

mgf (input): setthearraydataequalto thedatain thisgrid function.

3.1.9 Derivatives: x,y,z,xx,xy,xz,yy,yz,zz,laplacian,grad,div,r1,r2,r3,r1r1,r1r2,...

MappedGridFunction
derivative(constIndex & I1 =nullIndex ,

constIndex & I2 =nullIndex ,
constIndex & I3 =nullIndex ,
constIndex & I4 =nullIndex ,
constIndex & I5 =nullIndex ,
constIndex & I6 =nullIndex ,
constIndex & I7 =nullIndex ,
constIndex & I8 =nullIndex
)

Description: Derivative equalsoneof x,y,z,xx,xy,xz,yy,yz,zz,laplacian,grad,div,r1,r2,r3,r1r1,r1r2,r1r3,r2r2,r2r3,r3r3.Return
thederivative of this grid function. This routinejust calls thefunctionof thesamenamein theGenericMappedGridOp-
erators(seealsosetOperators).

I1,I2,I3 (input) : optionalargumentsto specifywherethederivativesareevaluated.In thiscasethereturnedgrid functionwill
only have valuesof thederivative computedat this subsetof points,othervaluesin thegrid functionwill bezero.

I4 (input) : evaluatethederivative for thesecomponents,by default all components.

Return value: Thederivative is returnedasa new grid function.For all derivativesbut grad anddiv thenumberof compo-
nentsin theresultis equalto thenumberof componentsspecifiedby I4 (if I4 not specifiedthentheresultwill have the
samenumberof componentss u). Thegrad operatorwill have numberof componentsequalto the numberof space
dimensionswhile thediv operatorwill have only onecomponent.

MappedGridFunction
derivative(constGridFunctionParameters& gfType,

constIndex & I1 =nullIndex ,
constIndex & I2 =nullIndex ,
constIndex & I3 =nullIndex ,
constIndex & I4 =nullIndex ,
constIndex & I5 =nullIndex ,
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constIndex & I6 =nullIndex ,
constIndex & I7 =nullIndex ,
constIndex & I8 =nullIndex
)

Description: derivative equalsoneof x,y,z,xx,xy,xz,yy,yz,zz,laplacian,grad,div. Returnthe derivative of this grid function.
TheargumentgfTypedeterminesthetypeof thegrid functionthat is returned.This routinejust callsthefunctionof the
samenamein theGenericMappedGridOperators(seealsosetOperators).

gfType (input): Thetypeof thegrid functionto bereturned.

I1,I2,I3 (input) : optionalargumentsto specifywherethederivativesareevaluated.In thiscasethereturnedgrid functionwill
only have valuesof thederivative computedat this subsetof points,othervaluesin thegrid functionwill bezero.

I4 (input) : evaluatethederivative for thesecomponents,by default all components.

Return value: Thederivative is returnedasa new grid function.For all derivativesbut grad anddiv thenumberof compo-
nentsin theresultis equalto thenumberof componentsspecifiedby I4 (if I4 not specifiedthentheresultwill have the
samenumberof componentss u). Thegrad operatorwill have numberof componentsequalto the numberof space
dimensionswhile thediv operatorwill have only onecomponent.

3.1.10 DerivativeCoefficients: xCoefficient,yCoefficient,...

MappedGridFunction
Derivative(constIndex & I1 =nullIndex,

constIndex & I2 =nullIndex,
constIndex & I3 =nullIndex,
constIndex & I4 =nullIndex,
constIndex & I5 =nullIndex,
constIndex & I6 =nullIndex,
constIndex & I7 =nullIndex,
constIndex & I8 =nullIndex
)

Description: Derivative equalsone of xCoefficient,yCoefficient,zCoefficient,xxCoefficient, xyCoefficient,xzCoefficient,yy-
Coefficient,yzCoefficient,zzCoefficient, laplacianCoefficient,gradCoefficient,divCoefficient. Returnthe coefficients of
thederivative. This routinejustcallsthefunctionof thesamenamein theMappedGridOperators(seealsosetOperators).

I1,I2,I3,... (input) : optionalargumentsto specifywherethederivativesareevaluated.In this casethereturnedgrid function
will only have valuesof thederivative computedat this subsetof points,othervaluesin thegrid functionwill bezero.

MappedGridFunction
Derivative(constGridFunctionParameters& gfType,

constIndex & I1 =nullIndex,
constIndex & I2 =nullIndex,
constIndex & I3 =nullIndex,
constIndex & I4 =nullIndex,
constIndex & I5 =nullIndex,
constIndex & I6 =nullIndex,
constIndex & I7 =nullIndex,
constIndex & I8 =nullIndex
)

Description: Derivative equalsone of xCoefficient,yCoefficient,zCoefficient,xxCoefficient, xyCoefficient,xzCoefficient,yy-
Coefficient,yzCoefficient,zzCoefficient, laplacianCoefficient,gradCoefficient,divCoefficient. Returnthe coefficients of
thederivative. This routinejustcallsthefunctionof thesamenamein theMappedGridOperators(seealsosetOperators).

gfType (input): Thetypeof thegrid functionto bereturned.

I1,I2,I3,... (input) : optionalargumentsto specifywherethederivativesareevaluated.In this casethereturnedgrid function
will only have valuesof thederivative computedat this subsetof points,othervaluesin thegrid functionwill bezero.
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3.1.11 destroy

int
destrH oy()

Description: Destroy this grid function.Releaseall memory, andresetthegrid functionpropertiesto thedefault.

3.1.12 get

int
get( constGenericDataBase& dir, constaString & name)

Description: Getfrom adatabasefile. Example:

HDF_DataBase db;
db.mount("myFile.hdf","R");
MappedGrid g;
realMappedGridFunction u;
initializeMappingList();
g.get(db,"my grid");
u.updateToMatchGrid(g); // **NOTE**
u.get(db,"u");

dir (input): getfrom thisdirectoryof thedatabase.

name(input): thenameof thegrid functionon thedatabase.

NOTE: This get function will not set the pointer to the MappedGridassociatedwith this grid function. You shouldcall
updateToMatchGrid(...)to setthegrid BEFOREusingthis function.

3.1.13 getClassName

aString
getClassName()const

Description: Returntheclassname.

3.1.14 getSerialArray

doubleSerialArray &
getSerialArray()

Description: Returnthegrid functionasaserialarray. In parallelreturnthelocalarraywith ghostboundaries.

3.1.15 getComponentBase

int
getComponentBase(int component) const

Description: Getthebasefor thegivencomponent.

component(input): componentnumber, 0,1,...

Return Values: Thebasefor thecomponent.Unusedcomponentshave base=0andbound=0

3.1.16 getComponentBound

int
getComponentBound(int component) const

Description: Gettheboundfor thegivencomponent.

component(input): componentnumber, 0,1,...

Return Values: Theboundfor thecomponent.Unusedcomponentshave base=0andbound=0
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3.1.17 getComponentDimension

int
getComponentDimension(I int component) const

Description: Getthedimensionfor thegivencomponent,dimension=bound-base+1

component(input): componentnumber, 0,1,...

Return Values: Thedimensionfor thecomponent.Unusedcomponentshave dimension=1

3.1.18 getCoordinateBase

int
getCoordinateBase(int coordinate ) const

Description: Getthebasefor thegivencoordinate.

coordinate (input): componentnumber, 0,1,or 2.

Return Values: Thebasefor thecoordinate.Unusedcoordinateshavebase=0andbound=0

3.1.19 getCoordinateBound

int
getCoordinateBound(int coordinate ) const

Description: Gettheboundfor thegivencoordinate.

coordinate (input): componentnumber, 0,1,or 2.

Return Values: Theboundfor thecoordinate.Unusedcoordinateshave base=0andbound=0

3.1.20 getCoordinateDimension

int
getCoordinateDimension(int coordinate ) const

Description: Getthedimensionfor thegivencoordinate,dimension= bound-base+1

coordinate (input): componentnumber, 0,1,or 2.

Return Values: Thedimensionfor thecoordinate.Unusedcoordinateshave dimension=1

3.1.21 getDerivatives

void
getDerivatives(constIndex & I1 =nullIndex,

constIndex & I2 =nullIndex,
constIndex & I3 =nullIndex,
constIndex & I4 =nullIndex,
constIndex & I5 =nullIndex,
constIndex & I6 =nullIndex,
constIndex & I7 =nullIndex,
constIndex & I8 =nullIndex) const

Description: Getderivativesfor this grid function. This routinejust calls thefunctionof thesamenamein theMappedGrid-
Operators.Seethedocumentationfor operatorsfor furtherdetails.
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3.1.22 getFaceCentering

faceCenteringType
getFI aceCentering()const

Description: Getthetypeof facecentering.For furtherexplanationseesetFaceCentering andsection4.

Err ors: none.

Return Values: faceCenteringType.

Author: WDH

3.1.23 getGridFunctionType

GridFunctionT ype
getGridFunctionType(constIndex & component0=nullIndex,

constIndex & component1=nullIndex,
constIndex & component2=nullIndex,
constIndex & component3=nullIndex,
constIndex & component4=nullIndex) const

Description: Returnthetypeof thegrid function.

component0,component1,...(input): gettypeof thegrid functioncorrespondingto thesecomponents.

Return Values: Thegrid functiontype,oneof theenumsin GridFunctionType.

Author: WDH

3.1.24 getGridFunctionTypeWithComponents

GridFunctionT ypeWithComponents
getGridFunctionTypeWithComponents(constIndex & component0=nullIndex,

constIndex & component1=nullIndex,
constIndex & component2=nullIndex,
constIndex & component3=nullIndex,
constIndex & component4=nullIndex) const

Description: Returnthetypeof thegrid functionwith thenumberof components.

component0,component1,...(input): get type of the grid function correspondingto thesecomponents.By default (if no
argumentsaregiven) thenumberof componentswill beequalto thenumberof componentsthat thegrid functionwas
madewith. Otherwisethe numberof componentswill equalthe numberof argumentsthat have beenpassedto this
routine(actuallythenumberof argumentsthatarenotanullIndex)

Return Values: Thegrid functiontypewith numberof components,oneof theenumsin GridFunctionParameters::GridFunctionTypeWithComponents.

Note: In a faceCenteredAllgrid function, the positiontaken by the faceRangedoesnot countasa componentfor the value
returnedby this routine.

MappedGrid mg(...);
Range all;
floatMappedGridFunction u(mg,floatMappedGridFunction::faceCenterAll,2);
u.getGridFunctionTypeWithComponents(); // == faceCenterAllWith1Component
u.getNumberOfComponents(); // == 1

Author: WDH
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3.1.25 getIsCellCentered

bool
getIsCellCenterI ed(constIndex & axis0=nullIndex,

constIndex & component0=nullIndex,
constIndex & component1=nullIndex,
constIndex & component2=nullIndex,
constIndex & component3=nullIndex,
constIndex & component4=nullIndex) const

Description: Determinethecell centerednessof agrid function.

axis0(input): if axis0=nullIndex (default) thenall axesarechecked

component0(input): if component0=nullIndex (default) thenall componentsarechecked

component1(input): if component1=nullIndex (default) thenall componentsarechecked

component2(input): if component2=nullIndex (default) thenall componentsarechecked

component3(input): if component3=nullIndex (default) thenall componentsarechecked

component4(input): if component4=nullIndex (default) thenall componentsarechecked

Return Values: TRUE or FALSE

DetailedDescription: A MappedGridFunction canbeusedfor finite differenceandfinite volumecodes.Finite volume
codesoftenrequirethatthegrid functionbecell-centered.By default aMappedGridFunction will becell-centered
if theMappedGrid is cell-centeredor vertex-centeredif theMappedGrid is vertex-centered.

Finite-volumecodesoften requiregrid functionsthatareface-centered.In orderto supportall thevariouspossibilities
onecan,in general,specifythata grid functionbecell-centered(or not) in someor all of thecoordinatedirections.Use
the memberfunctionsetIsCellCentered to setthe “centeredness”of eachcomponentof the grid function. Use
getIsCellCentered functionto inquirethecenterednessof eachcomponentof agrid function.

Sinceface-centeredgrid functionsarecommon,the functionsetIsFaceCentered(axis,component) canbe
usedto createa face-centeredgrid function in thecoordinatedirection“axis” for a givencomponent.(A face-centered
grid function is vertex centeredin the“axis-direction”andcell-centeredin theotherdirections).ThefunctiongetIs-
FaceCentered canbeusedto determineif agrid functionis facecenteredin agivendirection.
For example

...
realMappedGridFunction u(mg,3); // a grid function with 3 components
int axis=0, component=0;
u.setIsCellCentered(TRUE,axis,component); // make u cell centred along axis 0 for component 0

axis=1; component=1;
u.setIsCellCentered(FALSE,axis,component); // make u vertex centred along axis 0 for component 1

// inquire the cell-centredness
cout << "u.getIsCellCentered(axis,component) = " << u.getIsCellCentered(axis,0) << endl;

u.setIsFaceCentered( axis,component ); // make u face-centered along axis for a component

For furtherexplanationseesection4.

Author: WDH
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3.1.26 getIsFaceCentered

bool
getIsFI aceCentered(constint & axis0=forAll,

constIndex & component0=nullIndex,
constIndex & component1=nullIndex,
constIndex & component2=nullIndex,
constIndex & component3=nullIndex,
constIndex & component4=nullIndex) const

Description: Determineif agivencomponentof thisgrid functionis face-centredalongagivenaxis.By defaultcheckall axes
andall components.

axis0: checkif thecomponentsarefacecentredalongthis axis. By default checkif thecomponentsarefacecentredin ANY
direction.

component0,component1,...(input): checkthevaluefor thesecomponents,by default checkall components.

3.1.27 getMappedGrid

MappedGrid*
getMappedGrid(constbool abortIfNull =TRUE) const

Description: Returnapointerto theMappedGridthatthisgrid functionis asscoaiatedwith By default this functionwill abort
if thepointeris NULL.

Return values: A pointerto aMappedGridor NULL

3.1.28 getName

aString
getName(constint & component0=defaultValue,

constint & component1=defaultValue,
constint & component2=defaultValue,
constint & component3=defaultValue,
constint & component4=defaultValue)const

Description: Getthenameof thegrid functionor acomponentasin

aString nameOfGridFunction = u.getName();
aString nameOfComponent0 = u.getName(0);
aString nameOfComponent1 = u.getName(1);

name: thenameof thegrid functionor component.

component0,component1,(input): get the namefor this component.if all of component0,component1,component2==de-
faultValuethenthe nameof the grid function is returned.Otherwisethe default valuebecomesthe basevaluefor that
component.

3.1.29 getNumberOfComponents

int
getNumberOfComponents()const

Description: returnthenumberof components(0=scalar, 1=vector, 2=matrix,...).

Return Values: Valid valuesare0,...,5

Examples: Herearesomeexamples.Note thespecialcasefor grid functionscreatedwith afaceRange, thefaceRange
positiondoesNOT countasacomponent.
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MappedGrid mg(...);
Range all;
floatMappedGridFunction u(mg); // 0 components
floatMappedGridFunction u(mg,all,all,all); // 0 components
floatMappedGridFunction u(mg,all,all,all,1); // 1 component
floatMappedGridFunction u(mg,all,all,all,2,2); // 2 components
floatMappedGridFunction u(mg,all,all,all,faceRange); // 0 components
floatMappedGridFunction u(mg,all,all,all,3,faceRange); // 1 component

Author: WDH

3.1.30 getOperators

MappedGridOperators*
getOperators()const

Description: gettheoperatorsusedwith thisgrid function.ReturnNULL if therearenone.

3.1.31 isNull

bool
isNull()

Description: ReturnTRUE if thisgrid functionis null (hasnogrid associatedwith it).

Return value: ReturnTRUE if this grid functionis null, otherwisereturnFALSE.

3.1.32 link

void
link(const MappedGridFunction & mgf,

constRange& R0 =nullRange,
constRange& R1 =nullRange,
constRange& R2 =nullRange,
constRange& R3 =nullRange,
constRange& R4 =nullRange)

Description: Thelink memberfunctioncanbeusedto link agrid functionto aspecificcomponentof anothergrid function.

mgf (input): link to this

R0, R1, ...,R4 (input): indicatewhichcomponentsto link to. NotethattheRangesfor thelinkedgrid functionalwaysstartat
0. UseupdateToMatchGridFunctionto changethis.

Examples: A link is sort of like a referencesincethe arraydatais shared. NOTE that a link canonly be madeto a grid
functionwhosecomponentsappearat the endof the array(position3 for 3D grid functionsor positions2 or 3 for 2D
grid functions).Links canalsobemadeto morethanonecomponents,providedthecomponentsarecontiguous.
(1) Linking to avectorgrid function:

MappedGrid mg(...);
Range R0(0,3);
floatMappedGridFunction u(mg,all,all,all,R0); // u is a vector grid function
floatMappedGridFunction v;
v.link(u,Range(0,0)); // link to component 0 of u -> v(all,all,all,0:0)
v.link(u,Range(0,1)); // link to components 0 and 1 of u -> v(all,all,all,0:1)
v.link(u,Range(2,2)); // link to component 2 u -> v(all,all,all,0:0)

(2) Linking to amatrixgrid function:
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MappedGrid mg(...);
Range R0(0,3), R1(0,2);
floatMappedGridFunction u(mg,all,all,all,R0,R1); // u is a 2D matrix grid function
v.link(u,Range(1,1)); // link to matrix element (1,0) -> v(all,all,all,0:0,0:0)
v.link(u,Range(1,1),Range(2,2)); // link to component (1,2) -> v(all,all,all,0:0,0:0)
v.link(u,R0,Range(2,2)); // link to components (R0,2) -> v(all,all,all,0:3,0:0)

v.link(u,Range(1,1),Range(0,2)); // **ERROR** these values are not contiguous

Err ors: Attemptto link to invalid components.

Return Values: none.

Notes: Thelinkeefunctionwill acquirethesameoperatorsasthefunctionbeinglinkedto.

Author: WDH

3.1.33 multiply(a,coeff)

MappedGridFunction &
multiply( constMappedGridFunction & a , constMappedGridFunction & coeff )

Description: Multiply agrid functiontimesacoefficientmatrix. Usethis functionto multiply ascalargrid function”a” times
acoefficientmatrix ”coeff”. Theresultis savedin coeff andreturnedby reference.

coeff(M,I1,I2,I3) <- a(I1,I2,I3)*coeff(M,I1,I2,I3)

a (input) : ascalargrid function.

coeff (input/output) : a grid function in the shapea coefficient matrix (1 componentin position0) This argumentis NOT
constbut it wasmadeto to preventsomecompilerwarnings.

Return value: a referenceto coeff

3.1.34 multiply(a,coeff)

MappedGridFunction &
multiply( constdoubleDistributedArray & a , constMappedGridFunction & coeff )

Description: Multiply anarraytimesacoefficientmatrix. Usethis functionto multiply a”scalar”array”a” timesacoefficient
matrix ”coeff”. Theresultis savedin coeff andreturnedby reference.

coeff(M,I1,I2,I3) <- a(I1,I2,I3)*coeff(M,I1,I2,I3)

a (input) : anarraywith thesamedimensionsasagrid function.

coeff (input/output) : a grid function in the shapea coefficient matrix (1 componentin position0) This argumentis NOT
constbut it wasmadeto to preventsomecompilerwarnings.

3.1.35 numberOfComponents

constint&
numberOfComponents()const

Return value: thenumberof components(0=scalar, 1=vector, ...)

3.1.36 numberOfDimensions

constint&
numberOfDimensions()const

Return value: thenumberOfDimensionsof thegrid function(equalto thedomaindimensionof thegrid)
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3.1.37 operator = MappedGridFunction

MappedGridFunction &
operator= ( constMappedGridFunction & cgf )

Description: Setonegrid function equalto another. This is a shallow copy whereonly the arraydatais copied. An error
occursif the two grid functionsarenot conformable.This operationhasthe sameaffect asthedataCopy memeber
function. An exceptionto this rule is whenthe grid function to the left of the equalsoperatoris a ‘null’ grid function
(onethathasno grid associatedwith it suchasa grid functionbuilt by thedefault constructor).In this casea deepcopy
is performed.

Examples: Herearesomeexamples

MappedGrid mg(...);
realMappedGridFunction u(mg),v(mg),w;
Index I;
...
u=1.;
v=u; // only the data is copied
w=u; // this is a deep copy since w is a ‘null’ grid function.
u=v+w; // does NOT call this = operator, uses grid-function=A++ array
u=v(I)+w(I); // does NOT call this = operator, uses grid-function=A++ array
u=3; // does NOT call this = operator, uses grid-function=scalar
u(I)=v(I)+v(I); // does NOT call this = operator, uses A++ =
u.dataCopy(v+w); // only copies array data (same as u=v+w; in this case)
u.updateToMatchGridFunction(v); // this is a real deep copy.
realMappedGridFunction a = u; // does NOT call this = operator, calls copy constructor

3.1.38 operator = double

MappedGridFunction &
operator= ( constdoublex )

Description: Setthevaluesof agrid functionequalto ascalar.

3.1.39 operator = doubleDistributedArray

MappedGridFunction &
operator= ( constdoubleDistributedArray & X )

Description: Setthevaluesof agrid functionequalto anA++ array. Theoperationmustbeconformableor elseanA++ error
will begenerated.

3.1.40 periodicUpdate

void
periodicUpdate(constRange& C0 =nullRange,

constRange& C1 =nullRange,
constRange& C2 =nullRange,
constRange& C3 =nullRange,
constRange& C4 =nullRange,
constbool & derivativePeriodic =FALSE)

Description: Swapperiodicedgesof thegrid function.Assignvaluesto side=1 boundarylines

J�KML*N1O �?P4QSR Q4T J	U)V6W4U4XZY4[4\4W Q X /272/2] � \4Y)JZ^ 7 \4YBJ4^ �����>���	R<R_�*P4Q"R W4` PZa X T4bZc4d J P X4WB^4J	e4WB^

(mg is the MappedGrid associatedwith this grid function) aswell asall ghostlines on all sidesthat have periodic
boundaryconditions.
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C0,C1,...C4(input) : specifywhichcomponentsto update.By default updateall components.

derivativePeriodic (input): if TRUE we assumethatthegrid functionis not actuallyperiodicbut thatonly it’s derivative is –
like thegrid functionfor thevetrex arrayonaperiodicsquare.

3.1.41 positionOfFaceCentering

constint& positionOfFaceCentering()const

Return value: theindex position,(0,1,2,..)of thefacecentering.

3.1.42 put

int
put( GenericDataBase& dir, constaString & name)const

Description: Outputagrid functionontoadatabasefile

dir (input): putontothisdirectoryof thedatabase.

name(input): thenameof thegrid functionon thedatabase.

Notes:

First somedefinitions

�gf =maximumNumberOfIndicies Themaximumnumberof dimensionsin agrid function(currentvalue=8).
�gfih =numberOfIndicies Themaximumnumberof A++ dimensions(currentvalue=4).

Herearetheitemsthataresavedin adatabase.

numberOfComponents (int) Thenumberof componentindicesin thegrid function: � for a scalar� for a vector, 
 for
a matrix etc. Currentlytherecanbeat most j components.Thedefault valueandthevaluefor unusedentriesisf =maximumNumberOfIndicies.

positionOfCoordinate (IntegerArray(N)) positionOfCoordinate(i) holds the index in the array (numbered
startingfrom 0) of the 3 coordinatepositions,

+ �k���>���@
 . The default valueandthe valuefor unusedentriesisf =maximumNumberOfIndicies.

positionOfComponent (IntegerArray(N))positionOfComponent(i) holdstheindex in thearray(numberedstart-
ing from 0) of thecomponentpositions,

+ �l���>���	R_R<R<� fnm � . Thedefault valueandthevaluefor unusedentriesisf =maximumNumberOfIndicies.

Examples:

MappedGrid mg(...);
Range all;
realMappedGridFunction u(mg,all,all,all);
--> numberOfComponents=0
--> positionOfCoordinate(0)=0, positionOfCoordinate(1)=1, positionOfCoordinate(2)=2
realMappedGridFunction u(mg,2,all,all,all);
--> numberOfComponents=1
--> positionOfCoordinate(0)=1, positionOfCoordinate(1)=2, positionOfCoordinate(2)=3
--> positionOfComponent(0)=0
realMappedGridFunction u(mg,all,2,all,3,all,4);
--> numberOfComponents=3
--> positionOfCoordinate(0)=0, positionOfCoordinate(1)=2, positionOfCoordinate(2)=4
--> positionOfComponent(0)=1, positionOfComponent(2)=3, positionOfComponent(3)=5

positionOfFaceCentering (int) For a facecentredgrid function of standardtype this is the index positionof the face
centering.For all othertypesof grid functionsthishasavalueof m � .

faceCentering (enumfaceCenteringType)Thefacecenteringtypefor thegrid function.Default valueis none � m � .
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numberOfDimensions Thenumberof spacedimensions,���@
 , or 
 .

isACoefficientMatrix (bool) If TRUE (=1) thenthis is acoefficientmatrix,default is FALSE (=� ).

stencilType (enumStencilTypes)Thetypeof stencilfor acoefficientmatrix,default is standardStencil (=� ).

stencilWidth (int) Thestencilwidth for acoefficient matrix,default value= � .

R[i].base (int) (i=0,1,...,N) Thebaseof theRangeobjectR[i] whichholdsthebaseandboundfor index position+
. For unusedpositionsthe default is 0. Thereis oneextra Range,R[N]=Range(0,0) which exists just for

convenience.

R[i].bound (int) (i=0,1,...,N) Theboundof theRangeobjectsR[i]. For unusedindex positionsthedefault is 0.

Ra[i].base (int) (i=0,1,..., fih -1) Thebaseof theRangeobjectsRa[i] which holdstheactualbaseandbound
for index position

+
of theA++ array(from which thegrid functionis derived). CurrentlyA++ arrayshave only 4

dimensionssowe compressthefinal 5 dimensionsof a grid function to bestoredin the lastA++ dimension.For
unusedpositionsthedefault is 0.

Ra[i].bound (int) (i=0,1,..., fih -1) Theboundof theRangeobjectRa[i]. For unusedpositionsthedefault is 0.

Rc[i].base (int) (i=0,1,2) Thebaseof theRangeobjectsRc[i] which hold specialinformationaboutthebaseand
boundfor thecoordinatedirections.Thesearerequiredfor grid functionsthatonly live on boundaries.Thedefault
valueis � .

Rc[i].bound (int) (i=0,1,2) Theboundof theRangeobjectsRc[i]. Thedefault valueis m � .
numberOfNames (int) Thenumberof namesthataresaved. (seenext item).

name[i] (aString)(i=0,1,...,numberOfNames-1) Thenamesfor thegrid functionandits components.

isCellCentered (IntegerArray(3,(po , (q� , (p� )) The cell centeredness(0/1) in eachcoordinatedirectionfor eachcompo-
nent.Currentlywe only save theinfo for 3 components(whenA++ is fixedfor 8 dimensionswe will save theinfo
for 5 components).For a vertex centeredgrid thedefault valuesareall � . In termsof theothervariablesdescribed
heretheisCellCenteredarrayhasdimensions:

isCellCentered.redim(3,R[positionOfComponent(0)],
R[positionOfComponent(1)],
R[positionOfComponent(2)]);

andthus (�� =R[positionOfComponent(i)].

arrayData (A++ array)This is theA++ arraythatholdstheactualarray-datafor thisgrid function.

3.1.43 reference

void
reference(constMappedGridFunction & cgf)

Description: Usethisfunctionto referenceoneMappedGridFunctionto another. Whentwo (or more)grid functionshavebeen
referencedthey sharethesamearraydataso thatchangesto onegrid functionwill changeall theotherreferencedgrid
functions.Only thearraydatais referenced.Otherpropertiesof thegrid functionsuchascell-centrednesscanbechanged
in the referencedgrid function. The”shape”of the referencedgrid functioncanalsobechangedwithout changingthe
referencee:cgf.

Author: WDH

3.1.44 Standard argument function, sa

double&
sa(constint & i0,

constint & i1,
constint & i2,
constint & c0=0,
constint & c1=0,
constint & c2=0,
constint & c3=0,
constint & c4=0) const
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Description: The sa, ”standardargument” function permutesthe argumentsto that you can always refer to a function as
u(coordinate(0),coordinate(1),corrdinate(2),component(0),component(1),...)

i0, i1, i2 (input): index valuesfor thethreecoordinates

c0,c1,...(input): index valuesfor thecomponents

Return Values: Thevalueof thegrid function.

3.1.45 setFaceCentering

void
setFaceCentering(constint & axis =defaultValue)

Description: Setthetypeof facecentering,thebehaviour of this functiondependson whethertheargument”axis” hasbeen
specifiedor elseif thecurrentvaluefor getFaceCentering().

axis (input): 1. if ”axis” is giventhenmakeall componentsfacecentredin direction=axis

2. if getFaceCentering()==all: make componentsfacecenteredin all directions,thegrid functionshouldhave been
contructedor updatedusingthefaceRangeto specifywhich Index is to beusedfor the”directions”

For furtherexplanationseesection4.

Author: WDH

3.1.46 setIsACoefficientMatrix

void
setIsACoefficientMatrix(const bool trueOrFalse=TRUE,

constint stencilSize0= defaultValue,
constint numberOfGhostLines=1,
constint numberOfComponentsForCoefficients=1,
constint offset=0)

Description: Indicatewhethera grid function holdsa coefficient matrix. ALso usethis routineto updatethe sparsematrix
representationwhenthegrid haschanged.(Call this routineAFTER callingupdateToMatchGrid)

trueOrFalse(input): TRUE meansthis grid functionis acoefficient matrix

stencilSize0(input): This is thestencilsizefor thecoefficient matrix. By default thestencilsizeis 
 in 1D, r in 2D and 
Ss in
3D.

numberOfGhostLines (input): indicatesthe numberof ghost-lineson which therewill equationsdefinedin the coefficient
matrix.

numberOfComponentsForCoefficients(input): This is the dimensionof the systemof equationsthat is representedin the
matrix.

offset (input): Thisis anoffsetto usewhennumberingtheequations.ThisvaluewouldbeusedwhentheMappedGridFunction
is reallypartof aCompositeGRidFunction.

Author: WDH

3.1.47 setIsACoefficientMatrix

void
setIsACoefficientMatrix(SparseRepForMGF *sparseRep)

SetthecurrentsparseRepresentation.This is normallyonly usedinternallyandby thegridCollectionFunctionso that it can
referencethemultigrid andrefinementlevel lists properly.
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3.1.48 setIsCellCentered

void
setIsCellCenterI ed(constbool trueOrFalse,

constIndex & axis0=nullIndex,
constIndex & component0=nullIndex,
constIndex & component1=nullIndex,
constIndex & component2=nullIndex,
constIndex & component3=nullIndex,
constIndex & component4=nullIndex)

Description: Changethecell centered-nessof thegrid function.By default setall components.

trueOfFalse(input): makecell-centredor not.

axis0: setthevaluefor thisaxis,by default setall axes.

component0,component1,(input): setthevaluefor thesecomponents,by default setall components.

3.1.49 setIsFaceCentered

void
setIsFaceCentered(constint & axis0=forAll,

constIndex & component0=nullIndex,
constIndex & component1=nullIndex,
constIndex & component2=nullIndex,
constIndex & component3=nullIndex,
constIndex & component4=nullIndex)

Description: Makeacomponentof agrid functionfacecentredalongthegivenaxis.A facecenteredgrid functionalongaxis0
is vertex centeredalongaxis0andcell centeredalongtheotheraxes.

axis0: setthevaluefor thisaxis,by default setall axes.

component0,component1,(input): setthevaluefor thesecomponents,by default setall components.

3.1.50 setName

void
setName(constaString & name,

constint & component0=defaultValue,
constint & component1=defaultValue,
constint & component2=defaultValue,
constint & component3=defaultValue,
constint & component4=defaultValue)

Description: Setthenameof thegrid functionor acomponentasin

u.setName("nameOfGridFunction");
u.setName("nameOfComponent0",0);
u.setName("nameOfComponent1",1);

name: thenameof thegrid functionor component.

component0,component1,...(input): givethenamefor thiscomponent.if all of component0,component1,component2==de-
faultValuethenthenameof thegrid functionis set.Otherwisethedefault valuebecomesthebasevaluefor thatcompo-
nent.
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3.1.51 setOperators

void
setOperators(GenericMappedGridOperatorsI & operators0)

Description: Supplya derivative objectto usefor computingderivativeson all componentgrids.This operatoris usedfor the
memberfunctions.x .y .z .xx .xy etc.

operators0: usetheseoperators.

3.1.52 setUpdateToMatchGridOption

void
setUpdateToMatchGridOption( constUpdateToMatchGridOption & updateToMatchGridOption )

Description: Specifywhatshouldbeupdatedwhencallsaremadeto updateToMatchGrid

updateToMatchGridOption (input): A combination(usingthe— operation)of thefollowing options:

enum UpdateToMatchGridOption
{
updateSize=1,
updateCoefficientMatrix=2

};

Thedefault is updateToMatchGridOption= updateSize | updateCoefficientMatrix.

3.1.53 updateToMatchGrid

updateReturnValue
updateToMatchGrid()

updateReturnValue
updateToMatchGrid(const Range& R0 = nullRange,

constRange& R1 = nullRange,
constRange& R2 = nullRange,
constRange& R3 = nullRange,
constRange& R4 = nullRange,
constRange& R5 = nullRange,
constRange& R6 = nullRange,
constRange& R7 = nullRange)

updateReturnValue
updateToMatchGrid(MappedGrid & grid0,

constRange& R0,
constRange& R1 = nullRange,
constRange& R2 = nullRange,
constRange& R3 = nullRange,
constRange& R4 = nullRange,
constRange& R5 = nullRange,
constRange& R6 = nullRange,
constRange& R7 = nullRange)

Description: Updateagrid function.Optionallyspecifyanew grid andnew Ranges.

grid0 (input): updateto matchthis grid.

R0, R1, ... (input): UsetheseRangeobjectsto determinethegrid functiondimensions.

Return Values: Returnavaluefrom theenumeratorupdateReturnValue:
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enum updateReturnValue // the return value from updateToMatchGrid is a mask of the fol-
lowing values

{
updateNoChange = 0, // no changes made
updateReshaped = 1, // grid function was reshaped
updateResized = 2, // grid function was resized
updateComponentsChanged = 4 // component dimensions may have changed (but grid was not re-

sized or reshaped)
};

Author: WDH

updateReturnValue
updateToMatchGrid(MappedGrid & grid0,

constGridFunctionParameters::GridFunctionType & type,
constRange& component0,
constRange& component1=nullRange,
constRange& component2=nullRange,
constRange& component3=nullRange,
constRange& component4=nullRange)

Description: Use this updatefunction to createa grid function of a given type. Seethe commentsin the corresponding
constructor.

updateReturnValue
updateToMatchGrid(MappedGridData & grid0,

constGridFunctionParameters::GridFunctionType & type,
constRange& component0,
constRange& component1=nullRange,
constRange& component2=nullRange,
constRange& component3=nullRange,
constRange& component4=nullRange)

Description: Use this updatefunction to createa grid function of a given type. Seethe commentsin the corresponding
constructor.

updateReturnValue
updateToMatchGrid(const GridFunctionT ype & type,

constRange& component0,
constRange& component1=nullRange,
constRange& component2=nullRange,
constRange& component3=nullRange,
constRange& component4=nullRange)

Description: Use this updatefunction to createa grid function of a given type. Seethe commentsin the corresponding
constructor.

updateReturnValue
updateToMatchGrid(MappedGrid & grid0,

constGridFunctionParameters::GridFunctionType & type)

Description: Usethisupdatefunctionto createagrid functionof agiventype,thecomponentsareleft unchanged.

updateReturnValue
updateToMatchGrid(const GridFunctionT ype & type)

Description: Usethisupdatefunctionto createagrid functionof agiventype,thecomponentsareleft unchanged.
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3.1.54 updateToMatchGridFunction

updateReturnValue
updateTt oMatchGridFunction(const MappedGridFunction & cgf)

updateReturnValue
updateToMatchGridFunction(const MappedGridFunction & cgf,

constRange& R0,
constRange& R1 =nullRange,
constRange& R2 =nullRange,
constRange& R3 =nullRange,
constRange& R4 =nullRange,
constRange& R5 =nullRange,
constRange& R6 =nullRange,
constRange& R7 =nullRange)

Description: Updatethis grid function to matchanothergrid function(this is like usingthe= operatorbut it avoidscopying
thearraydata)

cgf (input): matchto thisgrid function.

R0, R1, ... (input): optionalrangesto changethedimensions.

3.1.55 sizeOf

real
sizeOf(FILE *file = NULL) const

Description: Returnnumberof bytesallocatedby thisobject;optionallyprint detailedinfo to afile

file (input) : optinally supplyafile to write detailedinfo to. Choosefile=stdoutto write to standardoutput.

Return value: thenumberof bytes.

3.1.56 fixupUnusedPoints

int
fixupUnusedPoints(constRealArray & value= nullRealArray(),

int numberOfGhostlines=1)

Description: Assignvaluesto pointson a grid function that correspondto unusedpoints(mask==0).By default all unused
pointsaresetto zero.Usethevaluearrayto setunusedpointsto particularvalues.

values(input) : if supplied,assignvalue(n)to unusedpointsof componentn anddo not changeany componentsnot foundin
value.If not suppliedsetall unusedpointsto zero.

numberOfGhostLines (input) : Indicatehow many ghostlinesareusedin thecomputation.Otherghostline valueswill all
besetto zero.

In the following, “type” will meanone of float, double or int. The most commonlyusedconstructortakes a
MappedGrid andan optionalsequenceof Range’s (or int’s). The optionalRange argumentsindicatethe positionsof the
coordinatesandthepositionsanddimensionsof any components.

typeMappedGridFunction() default constructor
typeMappedGridFunction(MappedGrid & mappedGrid,

Range & R0=nullRange, this arg canbeanint, or Range
Range & R1=nullRange,
Range & R2=nullRange,
...
Range & R7=nullRange, )

typeMappedGridFunction(MappedGrid & mappedGrid, Old styledeclaration,THIS WILL GOAWAY
int numberOfComponents=1,
int positionOfComponent=default )
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Eachgrid functionis dimensionedaccordingto thedimensionsfoundwith theMappedGrid, usingthedimension values.
Grid functionscanhave up to 8 dimensions,the index positionsnot usedby the coordinatedimensionscanbe usedto store
differentcomponents.For example,a vectorgrid functionswould use1 index positionfor componentswhile a matrix grid
functionsu wouldusetwo index positionsfor components.Herearesomeexamples

// R1 = range of first dimension of the grid array
// R2 = range of second dimension of the grid array
// R3 = range of third dimension of the grid array

MappedGrid mg(...);

Range R1(mg.dimension(Start,axis1),mg.dimension(End,axis1));
Range R2(mg.dimension(Start,axis2),mg.dimension(End,axis2));
Range R3(mg.dimension(Start,axis3),mg.dimension(End,axis3));

Range all; // null Range is used to specify where the coordinates are

MappedGridFunction u(mg); // --> u(R1,R2,R3);

MappedGridFunction u(mg,all,all,all,1); // --> u(n,R1,R2,R3,0:1);
MappedGridFunction u(mg,all,all,Range(1,1)); // --> u(n,R1,R2,1:1,R3);

MappedGridFunction u(mg,2,all); // --> u(n,0:2,R1,R2,R3);
MappedGridFunction u(mg,Range(0,2),all,all,all); // --> u(n,0:2,R1,R2,R3);
MappedGridFunction u(mg,all,Range(3,3),all,all); // --> u(n,R1,3:3,R2,R3);

3.2 Examples
In this examplewe show how to definea grid function using a MappedGrid, how to assignthe grid function with A++
operations,how to referenceonegrid functionto anotherandhow to setandgetnamesfor thegrid functionandits components.

...
MappedGrid cg(...); // here is a mapped grid
floatMappedGridFunction u(cg),v;
u=5.;
Index I(0,10);
u(I,I)=3.;
v.reference(u); // v is referenced to u
v=7.; // changes u as well
v.breakReference(); // v is no longer referenced to u
v=10.; // v changed but not u

// Here is how to dimension a grid function after it has been declared:
floatMappedGridFunction w;
Range all;
int numberOfComponents=2;
w.updateToMatchGrid( cg,all,all,all,numberOfComponents );
...
// give names to the grid function and components
w.setName("w"); // name grid function
w.setName("w.0",0); // name component 0
w.setName("w.1",1); // name component 1
cout << w.getName() << "," << w.getName(0) << "," << w.getName(1) << endl;

}

3.3 Grid functions definedon boundaries

Grid functionscanbe createdso that they aredefinedon the boundaryof a grid, or on the boundaryandsomenumberof
neighbouringgrid lines.For example,youmaywantto storethenormalvectorsonagivenboundaryof agrid.

To specifywhichboundaryagrid functionlivesononemustcreateor updatethegrid functionwith aRangeobjectthatwas
createdin aspecialway. ThisspecialRangeobjectis usedin placeof an“all” Rangeobject.Grid functionsdefinedin thisway
canbecorrectlyupdatedwhenthenumberof pointson thegrid changes– they will still liveon theappropriateboundary.

Herearesomeexamples(file /home/henshaw/Overture/gf/edge.C)

1 //================================================================================
2 // Demonstrate how to use grid function that are defined on the edge of grid
3 //===============================================================================
4 #include "Overture.h"
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5 #include "CompositeGridOperators.h"
6
7
8 int
9 main(int argc, char *argv[])

10 {
11 Overture::start(argc,argv); // initialize Overture
12
13 cout << "Starting test...\n";
14
15 aString nameOfOGFile;
16 cout << " >>>>>Testing the Edge GridFunctions " << endl;
17
18 cout << "Enter the name of the composite grid file (in the ogen directory)" << endl;
19 cin >> nameOfOGFile; nameOfOGFile="/users/henshaw/res/cgsh/" + nameOfOGFile;
20
21 CompositeGrid cg;
22 getFromADataBase(cg,nameOfOGFile);
23 cg.update();
24
25 MappedGrid & mg = cg[0];
26
27 Range all;
28
29 // first define a some local variables so we can shorten the names
30 realMappedGridFunction::edgeGridFunctionValues startIndex =realMappedGridFunction::startingGridIndex;
31 realMappedGridFunction::edgeGridFunctionValues endIndex =realMappedGridFunction::endingGridIndex;
32
33 //
34 // define a grid function that lives on the face: (side,axis)=(0,0)
35 //
36 Range S(startIndex,startIndex);
37 realMappedGridFunction u(mg,S,all,all);
38 u=1.;
39 u.display("Here is u(mg,S,all,all)");
40 u.periodicUpdate();
41
42 //
43 // change the grid function to live on the face (side,axis)=(0,1) and include neighbouring grid lines
44 //
45 u.updateToMatchGrid(mg,all,Range(startIndex-1,startIndex+1));
46 u=2.;
47 u.display("u.updateToMatchGrid(mg,all,Range(startIndex-1,startIndex+1))");
48 u.periodicUpdate();
49
50 //
51 // define another grid function to live on the face (side,axis)=(1,0)
52 Range E(endIndex,endIndex);
53 realMappedGridFunction v(mg,E,all,all);
54 v=3.;
55 v.display("Here is v(mg,E,all,all)");
56 v.periodicUpdate();
57
58 v=3.*v;
59 v.display("Here is v=3*v =9?");
60 evaluate(3.*v).display(" evaluate(3.*v) =27?");
61
62 //
63 // Now make the grid function live on a corner (or edge in 3d)
64 //
65 v.updateToMatchGrid(mg,S,E,all);
66 v=4.;
67 v.display("Here is uLeftRight(mg,S,E,all)");
68 v.periodicUpdate();
69
70 Overture::finish();
71 return 0;
72
73 }
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3.4 Grid Functions that hold coefficientmatrices

A MappedGridFunctioncanbeusedto hold thecoefficientsfor asparsematrix.
********** NOTE: This sectionis purely hypothetical. I am recordingsomepossiblewaysto interface to the coeffi-

cient matrices *****************
Hereis astandardway to storethecoefficients:

****** this does not work yet *****

MappedGrid mg(...);
numberOfStencilCoefficients=pow(3,mg.numberOfDimensions); // 9 or 27 points
realMappedGridFunction coeff(numberOfStencilCoefficients,all,all,all);

coeff.setIsACoefficientMatrix(standardStencil); //

... fill in coeff matrix here ....

Index I1,I2,I3;
getIndex(mg.gridIndexRange,I1,I2,I3);
realMappedGridFunction u(mg),residual(mg);

intArray & so = coeff.stencilOffset; // these values indicate the offsets
//
// Here is how the residual can be computed
//
// residual(I1,I2,I3) = SUM coeff(m,I1,I2,I3) * u(I1+so(0,m),I2+so(1,m),I3+so(2,m))
// m=0
//
residual(I1,I2,I3) = coeff(0,I1,I2,I3)*u(I1+so(0,0),I2+so(1,0),I3+so(2,0))

+coeff(1,I1,I2,I3)*u(I1+so(0,1),I2+so(1,1),I3+so(2,1))
+coeff(2,I1,I2,I3)*u(I1+so(0,2),I2+so(1,2),I3+so(2,2))
+coeff(3,I1,I2,I3)*u(I1+so(0,3),I2+so(1,3),I3+so(2,3))
+coeff(4,I1,I2,I3)*u(I1+so(0,4),I2+so(1,4),I3+so(2,4))
+coeff(5,I1,I2,I3)*u(I1+so(0,5),I2+so(1,5),I3+so(2,5))

.... etc ....

//
// Here is another way which assumes it is a standard 3x3x3 stencil
//
intArray value(Range(-1,1),Range(-1,1),Range(-1,1));
for( int m3=-1; m3<=1; m3++ )
for( int m2=-1; m2<=1; m2++ )
for( int m1=-1; m1<=1; m1++ )
{
value(m1,m2,m3)=coeff.coefficientPosition(m1,m2,m3);
assert( value(m1,m2,m3)>=0 ); // check for any errors in computing the coefficient position

}

residual(I1,I2,I3) = coeff(value(-1,-1,-1),I1,I2,I3)*u(I1-1,I2-1,I3-1)
+coeff(value( 0,-1,-1),I1,I2,I3)*u(I1 ,I2-1,I3-1)
+coeff(value(+1,-1,-1),I1,I2,I3)*u(I1+1,I2-1,I3-1)
+coeff(value(-1, 0,-1),I1,I2,I3)*u(I1-1,I2 ,I3-1)
+coeff(value( 0, 0,-1),I1,I2,I3)*u(I1 ,I2 ,I3-1)
+coeff(value(+1, 0,-1),I1,I2,I3)*u(I1+1,I2 ,I3-1)

... etc ...

Hereis how wehandlesystemsof equations

****** this does not work yet *****

MappedGrid mg(...);
numberOfComponents=2;
numberOfStencilCoefficients=pow(3,mg.numberOfDimensions); // 9 or 27 points

realMappedGridFunction coeff(numberOfComponents*numberOfStencilCoefficients,all,all,all);
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coeff.setIsACoefficientMatrix(standardStencil,numberOfComponents); //

... fill in coeff matrix here ....

Index I1,I2,I3;
getIndex(mg.gridIndexRange,I1,I2,I3);
realMappedGridFunction u(mg,all,all,all,2),residual(mg,all,all,all,2);

intArray & so = coeff.stencilOffset; // these values indicate the offsets
intArray & c = coeff.stencilComponent; // these values indicate the component
//
// Here is how the residual can be computed
//
// residual(I1,I2,I3) = SUM coeff(m,I1,I2,I3) * u(I1+so(0,m),I2+so(1,m),I3+so(2,m))
// m=0
//
residual(I1,I2,I3) = coeff(0,I1,I2,I3)*u(I1+so(0,0),I2+so(1,0),I3+so(2,0),c(0))

+coeff(1,I1,I2,I3)*u(I1+so(0,1),I2+so(1,1),I3+so(2,1),c(1))
+coeff(2,I1,I2,I3)*u(I1+so(0,2),I2+so(1,2),I3+so(2,2),c(2))
+coeff(3,I1,I2,I3)*u(I1+so(0,3),I2+so(1,3),I3+so(2,3),c(3))
+coeff(4,I1,I2,I3)*u(I1+so(0,4),I2+so(1,4),I3+so(2,4),c(4))
+coeff(5,I1,I2,I3)*u(I1+so(0,5),I2+so(1,5),I3+so(2,5),c(5))

.... etc ....
//
// Here is another way which assumes it is a standard 3x3x3 stencil
//
intArray value(Range(-1,1),Range(-1,1),Range(-1,1),numberOfComponents);
for( int n=0; n<numberOfComponents; n++)
for( int m3=-1; m3<=1; m3++ )
for( int m2=-1; m2<=1; m2++ )
for( int m1=-1; m1<=1; m1++ )
{
value(m1,m2,m3,n)=coeff.coefficientPosition(m1,m2,m3,n);
assert( value(m1,m2,m3,n)>=0 ); // check for any errors in computing the coefficient position

}
residual(I1,I2,I3) = coeff(value(-1,-1,-1,0),I1,I2,I3)*u(I1-1,I2-1,I3-1,0) // coeff’s for component 0

+coeff(value( 0,-1,-1,0),I1,I2,I3)*u(I1 ,I2-1,I3-1,0)
+coeff(value(+1,-1,-1,0),I1,I2,I3)*u(I1+1,I2-1,I3-1,0)

... etc ...
+coeff(value(-1,-1,-1,1),I1,I2,I3)*u(I1-1,I2-1,I3-1,1) // coeff’s for component 1
+coeff(value( 0,-1,-1,1),I1,I2,I3)*u(I1 ,I2-1,I3-1,1)
+coeff(value(+1,-1,-1,1),I1,I2,I3)*u(I1+1,I2-1,I3-1,1)

Otherpossiblewaysto storethecoefficients

****** this does not work yet *****

coeff.setIsACoefficientMatrix(fiveOrSevenPointStencil); // 5 point star in 2d, 7 point star in 3D

coeff.setIsACoefficientMatrix(generalStencil); // user defined stencil
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3.5 GridCollectionFunction and CompositeGridFunction

GridCollectionFunction’sandtheCompositeGridFunction’sareverysimilar. Theonly differenceis thataGridCollectionFunc-
tion is associatedwith aGridCollectionwhile aCompositeGridFunctionis associatedwith aCompositeGrid.

Herewe describetheGridCollectionFunction.Theseremarksall applyto theCompositeGridFunctionif “GridCollection”
is replacedby “CompositeGrid”.

This classcontainsa list of MappedGridFunction’s anda GridCollection. A GridCollectionFunctionknows how to di-
mensionits memberMappedGridFunction’s andhow to updateitself whentheGridCollectionchanges(for example,whena
refinementpatchis addedor agrid is moved).

This is a referencecountedclassso that thereis no needto keepa pointerto a grid function. Usethe referencemember
functionto make onegrid functionreferenceanother.

3.5.1 Public data members

Herearethepublicdatamembers:

intR numberOfComponentGrids: (CompositeGridFunctiononly) equalsvaluefoundin theCompositeGrid,this is herefor
convenience

GridCollection *gridCollection: pointerto theGridCollection

GenericGridCollectionOperators *operators: pointerto operatorsusedfor derivativesetc.

3.5.2 Public enumerators

Thefollowing enumeratorsareequivalentto theonesappearingin theMappedGridFunction. SeetheMappedGridFunc-
tion documentationfor futherdetails.

updateReturnValue: The value returnedfrom the updateToMatchGrid andupdateToMatchGridFunction is a
maskformedby abitwiseor of thefollowing values:

3.5.3 Arithmetic operators,max,min,abs

The arithmeticoperatorsv , m , w , x , vn� , m � , wy� and xy� aredefinedfor two GridCollectionFunction’s of the
sametypeor for a GridCollectionFunction anda float, double,or int. Theoperatorsmax, min andfabs (abs for
theint case)aredefined.

3.5.4 Constructors

GridCollectionFunction ()

Description: Default constructor

GridCollectionFunction(GridCollection & gc)

Description: Createa grid functionandassociatewith a GridCollection.Thegrid functionwill bea ”scalar” asin thedecla-
ration:

Range all;
GridCollection gc(...);
GridCollectionFunction u(gc,all,all,all);

gc (input): grid to associatethisgrid functionwith.

Author: WDH
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GridCollectionFunction(GridCollection & gc,
constRange& R0 =nullRange,
constRange& R1 =nullRange,
constRange& R2 =nullRange,
constRange& R3 =nullRange,
constRange& R4 =nullRange,
constRange& R5 =nullRange,
constRange& R6 =nullRange,
constRange& R7 =nullRange)

Description: This constructortakes ranges,the first 3 ”nullRange” valuesare taken to be the coordinatedirectionsin the
grid function. Eachgrid function is dimensionedaccordingto the dimensionsfound with theMappedGrid found in
theGridCollection. Grid functionscanhave up to 8 dimensions,the index positionsnot usedby the coordinate
dimensionscanbeusedto storedifferentcomponents.For example,a vectorgrid functionswould use1 index position
for componentswhile amatrixgrid functionswouldusetwo index positionsfor components.

grid0 (input): GridCollectionto associatethisgrid functionwith.

R0, R1, R2, ... (input): Rangesto determinethe shapeandsizeof the grid function. An int canalsobe usedinsteadof a
Range.

Examples: Herearesomeexamples

// R1 = range of first dimension of the grid array
// R2 = range of second dimension of the grid array
// R3 = range of third dimension of the grid array

GridCollection gc(...);

Range all; // null Range is used to specify where the coordinates are

GridCollectionFunction u(gc); // --> u[grid](R1,R2,R3);

GridCollectionFunction u(gc,all,all,all,1); // --> u[grid](R1,R2,R3,0:1);
GridCollectionFunction u(gc,all,all,Range(1,1)); // --> u[grid](R1,R2,1:1,R3);

GridCollectionFunction u(gc,2,all); // --> u[grid](0:2,R1,R2,R3);
GridCollectionFunction u(gc,Range(0,2),all,all,all); // --> u[grid](0:2,R1,R2,R3);
GridCollectionFunction u(gc,all,Range(3,3),all,all); // --> u[grid](R1,3:3,R2,R3);

Author: WDH

GridCollectionFunction(GridCollection & gc,
constGridFunctionParameters::GridFunctionType & type,
constRange& component0=nullRange,
constRange& component1=nullRange,
constRange& component2=nullRange,
constRange& component3=nullRange,
constRange& component4=nullRange)

Description: This constructoris usedto createa grid functionof somestandardtype. Thestandardtypesaredefinedin the
GridFunctionParameters::GridFunctionTypeenum,

� vertexCentered: grid functionis vertex centred
� cellCentered: grid functionis cell centred
� faceCenteredAll: grid functioncomponentsarefacecentredin all directions
� faceCenteredAxis1: grid functionis facecentredalongaxis1
� faceCenteredAxis2: grid functionis facecentredalongaxis2
� faceCenteredAxis3: grid functionis facecentredalongaxis3
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� general: meanssameasvertexCenteredwhenusedin this constructor

grid0 (input): UsethisGridCollection.

type (input): Make this typeof grid function.

component0,component1,...(input): supplyaRangefor eachcomponent.

Examples: Herearesomeexamples:

GridCollection gc(...);
realGridCollectionFunction u(gc,GridFunctionParameters::vertexCentered,2); // u(gc,all,all,all,2);
realGridCollectionFunction u(gc,GridFunctionParameters::cellCentered,2,3); // u(gc,all,all,all,2,3);
realGridCollectionFunction u(gc,GridFunctionParameters::faceCenteredAll,2); // u(gc,all,all,all,2,faceRange);
realGridCollectionFunction u(gc,GridFunctionParameters::faceCenteredAll,3,2);// u(gc,all,all,all,3,2,faceRange);

Author: WDH

3.5.5 breakReference

void
breakReference()

Description: Thismemberfunctionwill causethegrid functionto no longerbereferenced.Thegrid functionacquiresits own
copy of thedata.

Author: WDH

3.5.6 operator()(Range,...)

GridCollectionFunction
operator()(constRange& component0,

constRange& component1=nullRange,
constRange& component2=nullRange,
constRange& component3=nullRange,
constRange& component4=nullRange)

Description: Returna new GridCollectionFunctionthat is linked(usingthelink function) to somespecfiedcomponentsof
the currentGridCollectionFunction.This is a convenientbut inefficient way to easilyaccesscertaincomponentsof a
multi-componentGridCollectionFunctionasin theexample:

GridCollection gc(...);
floatGridCollectionFunction u(gc,all,all,all,2);
u(0)=1.; // set component 0 of u to be 1.
u(1)=2.; // set component 1 of u to be 2.
u(0)=u(0)*2.+u(1)*u(0);

Theabove codeis inefficient sinceanew gridCollectionFunctionis built every timeanexpressionlikeu(0) appears.

Thishasthesameeffectasthefollowing (moreefficientbut notascute)code:

GridCollection gc(...);
floatGridCollectionFunction u(gc,all,all,all,2), u0,u1;
u0.link(u,Range(0,0));
u1.link(u,Range(1,1));
u0=1.;
u1=2.;
u0=u0*2.+u1*u0;
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3.5.7 consistencyCheck

void
consistencyCheck()z const

Description: Performaconsistency checkon thegrid function.

Return values: Return0 if thegrid functionappearsto beok.

3.5.8 dataCopy

int
dataCopy(constGridCollectionFunction & gcf )

Description: copy thearraydataonly

gcf (input): setthearraydataequalto thedatain this grid function.

3.5.9 Derivatives: x,y,z,xx,xy,xz,yy,yz,zz,laplacian,grad,div

GridCollectionFunction
derivative(constIndex & component0=nullIndex ,

constIndex & component1=nullIndex ,
constIndex & component2=nullIndex ,
constIndex & component3=nullIndex ,
constIndex & component4=nullIndex
)

Description: derivative equalsoneof x,y,z,xx,xy,xz,yy,yz,zz,laplacian,grad,div. Returnthe derivative of this grid function.
This routinejust callsthefunctionof thesamenamein theGenericGridCollectionOperators.

component0,component1,...(input) : optionalargumentsto specifywhichcomponentsshouldbecomputed.Theothercom-
ponentswill bereturnedaszero.

component0,component1,...(input) : optionalargumentsto specifywhichcomponentsshouldbecomputed.Theothercom-
ponentswill bereturnedaszero.

Return value: Thederivative is returnedasa new grid function.For all derivativesbut grad anddiv thenumberof compo-
nentsin theresultis equalto thenumberof componentsspecifiedby component0,...(if component0etcarenotspecified
thentheresultwill have thesamenumberof componentsof thegrid functionbeingdifferentiated).Thegrad operator
will have numberof componentsequalto the numberof spacedimensionswhile thediv operatorwill have only one
component.

GridCollectionFunction
derivative(constGridFunctionT ype & gfType,

constIndex & component0=nullIndex ,
constIndex & component1=nullIndex ,
constIndex & component2=nullIndex ,
constIndex & component3=nullIndex ,
constIndex & component4=nullIndex
)

Description: derivative equalsoneof x,y,z,xx,xy,xz,yy,yz,zz,laplacian,grad,div. Returnthe derivative of this grid function.
TheargumentgfTypedeterminesthetypeof thegrid functionthat is returned.This routinejust callsthefunctionof the
samenamein theGenericGridCollectionOperators(seealsosetOperators).

gfType (input): Thetypeof thegrid functionto bereturned.

component0,component1,...(input) : optionalargumentsto specifywhichcomponentsshouldbecomputed.Theothercom-
ponentswill bereturnedaszero.
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Return value: Thederivative is returnedasa new grid function.For all derivativesbut grad anddiv thenumberof compo-
nentsin theresultis equalto thenumberof componentsspecifiedby component0,...(if component0etcarenotspecified
thentheresultwill have thesamenumberof componentsof thegrid functionbeingdifferentiated).Thegrad operator
will have numberof componentsequalto the numberof spacedimensionswhile thediv operatorwill have only one
component.

3.5.10 DerivativeCoefficients: xCoefficient,yCoefficient,...

GridCollectionFunction
Derivative(constIndex & component0=nullIndex ,

constIndex & component1=nullIndex ,
constIndex & component2=nullIndex ,
constIndex & component3=nullIndex ,
constIndex & component4=nullIndex
)

Description: Derivative equalsone of xCoefficient,yCoefficient,zCoefficient,xxCoefficient, xyCoefficient,xzCoefficient,yy-
Coefficient,yzCoefficient,zzCoefficient, laplacianCoefficient,gradCoefficient,divCoefficient. Returnthe coefficients of
thederivative. This routinejust callsthefunctionof thesamenamein theGenericGridCollectionOperators.

GridCollectionFunction
Derivative(constGridFunctionT ype & gfType,

constIndex & component0=nullIndex ,
constIndex & component1=nullIndex ,
constIndex & component2=nullIndex ,
constIndex & component3=nullIndex ,
constIndex & component4=nullIndex
)

Description: Derivative equalsone of xCoefficient,yCoefficient,zCoefficient,xxCoefficient, xyCoefficient,xzCoefficient,yy-
Coefficient,yzCoefficient,zzCoefficient, laplacianCoefficient,gradCoefficient,divCoefficient. Returnthe coefficients of
thederivative. TheargumentgfTypedeterminesthetypeof thegrid functionthat is returned.This routinejust calls the
functionof thesamenamein theGenericGridCollectionOperators(seealsosetOperators).

gfType (input): Thetypeof thegrid functionto bereturned.

3.5.11 destroy

int
destroy()

Description: destroy thisgrid function. (Releaseall memory)

3.5.12 display

void
display(constaString & label =nullString,

constaString & format =nullString) const

void
display(constaString & label =nullString,

FILE *file = NULL,
constaString & format =nullString) const

Description: Displaythegrid function,print thevaluesof in all thecomponents.

label (input): optionallabelto print.

file (input): print to this file

format (input): usethis formatfor printf
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void
display(constaString & label, constDisplayParameters& displayParameters)const

Description: Displaythegrid function,print thevaluesof in all thecomponents.

label (input): optionallabelto print.

displayParameters(input): specifyparameters

3.5.13 evaluate

GridCollectionFunction
evaluate(GridCollectionFunction & cgf )

Description: Due to the way that temporariesarehandledit is necessaryto usethis function on expressionsinvolving grid
collectionfunctionsthatarepassedasargumentsto function.Example:

realGridCollectionFunction u(gc),v(cg);
...
myFunction(evaluate(u+v));
...

If theevaluate functionwerenotusedtherecouldbeapossiblememoryleak.

cgf (input): If this grid functionis a temporary,

Return value: A grid collectionfunctionequalto cgf which is nota temporary

3.5.14 get

int
get( constGenericDataBase& dir, constaString & name)

Description: Getfrom adatabasefile. Example:

HDF_DataBase db;
db.mount("myFile.hdf","R");
GridCollection gc;
realGridCollectionFunction u;
initializeMappingList();
gc.get(db,"my grid");
u.updateToMatchGrid(gc); // **NOTE**
u.get(db,"u");

dir (input): getfrom thisdirectoryof thedatabase.

name(input): thenameof thegrid functionon thedatabase.

NOTE: Thisgetfunctionwill notsetthepointerto theGrid associatedwith thisgrid function.Youshouldcall updateToMatch-
Grid(...) to setthegrid BEFOREusingthis function.

3.5.15 getClassName

aString
getClassName()const

Description: Returntheclassname.
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3.5.16 getComponentBase

int
getComponentBase(I int component) const

Description: Getthebasefor thegivencomponent.

component(input): componentnumber, 0,1,...

Return Values: Thebasefor thecomponent.Unusedcomponentshave base=0andbound=0

3.5.17 getComponentBound

int
getComponentBound(int component) const

Description: Gettheboundfor thegivencomponent.

component(input): componentnumber, 0,1,...

Return Values: Theboundfor thecomponent.Unusedcomponentshave base=0andbound=0

3.5.18 getComponentDimension

int
getComponentDimension(int component) const

Description: Getthedimensionfor thegivencomponent,dimension=bound-base+1

component(input): componentnumber, 0,1,...

Return Values: Thedimensionfor thecomponent.Unusedcomponentshave dimension=1

3.5.19 getCoordinateBase

int
getCoordinateBase(int coordinate ) const

Description: Getthebasefor thegivencoordinate.

coordinate (input): componentnumber, 0,1,or 2.

Return Values: Thebasefor thecoordinate.Unusedcoordinateshavebase=0andbound=0

3.5.20 getCoordinateBound

int
getCoordinateBound(int coordinate ) const

Description: Gettheboundfor thegivencoordinate.

coordinate (input): componentnumber, 0,1,or 2.

Return Values: Theboundfor thecoordinate.Unusedcoordinateshave base=0andbound=0

3.5.21 getCoordinateDimension

int
getCoordinateDimension(int coordinate ) const

Description: Getthedimensionfor thegivencoordinate,dimension= bound-base+1

coordinate (input): componentnumber, 0,1,or 2.

Return Values: Thedimensionfor thecoordinate.Unusedcoordinateshave dimension=1
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3.5.22 getFaceCentering

faceCenteringType
getFI aceCentering()const

Description: Getthetypeof facecentering.For furtherexplanationseesetFaceCentering andsection4.

Err ors: none.

Return Values: faceCenteringType.

Author: WDH

3.5.23 getGridCollection

GridCollection*
getGridCollection(constbool abortIfNull =TRUE) const

Description: Returna pointer to the GridCollectionthat this grid function is asscoaiatedwith By default this function will
abortif thepointeris NULL.

Return values: A pointerto aGridCollectionor NULL

3.5.24 getGridFunctionType

GridFunctionT ype
getGridFunctionType(constIndex & component0=nullIndex,

constIndex & component1=nullIndex,
constIndex & component2=nullIndex,
constIndex & component3=nullIndex,
constIndex & component4=nullIndex) const

Description: returnthetypeof thegrid function

component0,component1,...(input): gettypeof thegrid functioncorrespondingto thesecomponents.

Return Values: Thegrid functiontype,oneof theenumsin GridFunctionParameters::GridFunctionType.

Author: WDH

3.5.25 getGridFunctionTypeWithComponents

GridFunctionT ypeWithComponents
getGridFunctionTypeWithComponents(constIndex & c0=nullIndex,

constIndex & c1=nullIndex,
constIndex & c2=nullIndex,
constIndex & c3=nullIndex,
constIndex & c4=nullIndex) const

Description: returnthetypeof thegrid functionwith thenumberof components

c0,c1,...(input): gettypeof thegrid functioncorrespondingto thesecomponents.

Return Values: Thegrid functiontypewith numberof components,oneof theenumsin GridFunctionParameters::GridFunctionTypeWithComponents.

Note: In a faceCenteredAllgrid function,thepositiontakenby thefaceRangedoesnot countasacomponent.

GridCollection gc(...);
Range all;
floatGridCollectionFunction u(mg,floatGridCollectionFunction::faceCenterAll,2);
u.getGridFunctionTypeWithComponents(); // == faceCenterAllWith1Component
u.getNumberOfComponents(); // == 1

Author: WDH
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3.5.26 getIsCellCentered

bool
getIsCellCenterI ed(constIndex & axis0=nullIndex,

constIndex & component0=nullIndex,
constIndex & component1=nullIndex,
constIndex & component2=nullIndex,
constIndex & component3=nullIndex,
constIndex & component4=nullIndex,
constIndex & grid0 =nullIndex) const

Description: Determinethe cell centerednessof a grid function. Seethe detail descriptionwith te MappedGridFunction
versionof this function.

axis0(input): if axis0=nullIndex (default) thenall axesarechecked

component0(input): if component0=nullIndex (default) thenall componentsarechecked

component1(input): if component1=nullIndex (default) thenall componentsarechecked

component2(input): if component2=nullIndex (default) thenall componentsarechecked

component3(input): if component3=nullIndex (default) thenall componentsarechecked

component4(input): if component4=nullIndex (default) thenall componentsarechecked

Return Values: TRUE or FALSE

Author: WDH

3.5.27 getIsFaceCentered

bool
getIsFaceCentered(constint & axis0=forAll ,

constIndex & component0=nullIndex,
constIndex & component1=nullIndex,
constIndex & component2=nullIndex,
constIndex & component3=nullIndex,
constIndex & component4=nullIndex,
constIndex & grid0 =nullIndex) const

Description: Determineif agivencomponentof thisgrid functionis face-centredalongagivenaxis.By defaultcheckall axes
andall components.

axis0: checkif thecomponentsarefacecentredalongthis axis. By default checkif thecomponentsarefacecentredin ANY
direction.

component0,component1,...(input): checkthevaluefor thesecomponents,by default checkall components.

3.5.28 getName

aString
getName(constint & component0=defaultValue,

constint & component1=defaultValue,
constint & component2=defaultValue,
constint & component3=defaultValue,
constint & component4=defaultValue)const

Description: Getthenameof thegrid functionor acomponentasin

aString nameOfGridFunction = u.getName();
aString nameOfComponent0 = u.getName(0);
aString nameOfComponent1 = u.getName(1);

48



name: thenameof thegrid functionor component.

component0,component1,(input): get the namefor this component.if all of component0,component1,component2==de-
faultValuethenthe nameof the grid function is returned.Otherwisethe default valuebecomesthe basevaluefor that
component.

3.5.29 getNumberOfComponents

int
getNumberOfComponents()const

Description: returnthenumberof components(0=scalar, 1=vector, 2=matrix,...).

Return Values: Valid valuesare0,...,5

Examples: Herearesomeexamples.Note thespecialcasefor grid functionscreatedwith afaceRange, thefaceRange
positiondoesNOT countasacomponent.

GridCollection gc(...);
Range all;
floatGridCollectionFunction u(gc); // 0 components
floatGridCollectionFunction u(gc,all,all,all); // 0 components
floatGridCollectionFunction u(gc,all,all,all,1); // 1 component
floatGridCollectionFunction u(gc,all,all,all,2,2); // 2 components
floatGridCollectionFunction u(gc,all,all,all,faceRange); // 0 components
floatGridCollectionFunction u(gc,all,all,all,3,faceRange); // 1 component

Author: WDH

3.5.30 getOperators

GridCollectionOperators*
getOperators()const

Description: gettheoperatorsusedwith thisgrid function.ReturnNULL if therearenone.

3.5.31 interpolate

int
interpolate(constRange& C0 = nullRange,

constRange& C1 = nullRange,
constRange& C2 = nullRange)

Description: Interpolateusingdefault Interpolantor onefoundin thegrid collection

C0, C1, C2 (input): optionallyspecifycomponentsto interpolate.For exampleu.interpolate(Range(1,2)) to inter-
polatecomponents1 and2.

Return Values: 0=success,Eg� indicatesanerror.

Author: WDH

3.5.32 isNull

bool
isNull()

Description: ReturnTRUE if thisgrid functionis null (hasnogrid associatedwith it).

Return value: ReturnTRUE if this grid functionis null, otherwisereturnFALSE.
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3.5.33 link

void
link(constz GridCollectionFunction & gcf,

constRange& R0 = nullRange,
constRange& R1 = nullRange,
constRange& R2 = nullRange,
constRange& R3 = nullRange,
constRange& R4 = nullRange)

Description: Thelink memberfunctioncanbeusedto link agrid functionto aspecificcomponentof anothergrid function.

mgf (input): link to this

R0, R1, ...,R4 (input): indicatewhichcomponentsto link to. NotethattheRangesfor thelinkedgrid functionalwaysstartat
0. UseupdateToMatchGridFunctionto changethis.

Examples: Seetheexamplesin thedocumentationfor theMappedGridFunctionversionof link.

Err ors: Attemptto link to invalid components.

Return Values: none.

Notes: Thelinkeefunctionwill acquirethesameoperatorsasthefunctionbeinglinkedto.

Author: WDH

3.5.34 multiply

GridCollectionFunction &
multiply( constGridCollectionFunction & a, constGridCollectionFunction & coeff )

Description: Multiply agrid functiontimesacoefficientmatrix. Usethis functionto multiply ascalargrid function”a” times
acoefficientmatrix ”coeff”. Theresultis savedin coeff andreturnedby reference.

coeff[grid](M,I1,I2,I3) <- a[grid](I1,I2,I3)*coeff[grid](M,I1,I2,I3)

This is anon-memberfunctionandis calledwith

multiply(u,coeff)

a (input) : ascalargrid function.

coeff (input) : agrid functionin theshapeacoefficientmatrix (1 componentin position0)

Return value: coeff is returnedby reference

Notes: If ”a” is anexpression(multiply(u+v,coeff)) thenthis functionwill properlydelete”a”. Notethatoneshould
call ”evaluate”onanexpressionthatis beingpassedto a functionthatis notamemberfunctionof this class.

3.5.35 numberOfMultigridLe vels

int
numberOfMultigridLe vels()const

Description: Returnthe numberof multigrid levels containedin this grid function. Seethe grid documentationfor further
details.

Author: WDH
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3.5.36 numberOfRefinementLevels

int
numberOfRefinementLe{ vels()const

Description: Returnthenumberof refinementlevelscontainedin this grid function. Seethegrid documentationfor further
details.

Author: WDH

3.5.37 operator = GridCollectionFunction

GridCollectionFunction &
operator= ( constGridCollectionFunction & cgf )

Description: Setonegrid-functionequalto another. This is a shallow copy whereonly the arraydatais copied. An error
occursif thetwo grid functionsdo not have thesamenumberof gridsor thearraydatain eachmappedGridFunctionare
not conformable.This operationhasthesameaffect asthedataCopy memberfunction. An exceptionto this rule is
whenthegrid functionto the left of theequalsoperatoris a ‘null’ grid function(onethathasno grid associatedwith it
suchasagrid functionbuilt by thedefault constructor).In this caseadeepcopy is performed.

Examples: Herearesomeexamplesfor a realCompositeGridFunction.Theexamplesarethesamefor GridCollectionFunc-
tion’s.

CompositeGrid cg(...);
realCompositeGridFunction u(cg),v(cg),w.
u=1.;
v=u; // only the array data is copied.
w=u; // this is a DEEP copy since w is null.
u=v+w; // u will steal the data from the temporary ‘v+w’
u=3; // does NOT call this = operator, uses grid-function=scalar
u.dataCopy(v+w); // only copies array data
u.updateToMatchGridFunction(v); // this is a real deep copy.
realCompositeGridFunction a = u; // does NOT call this = operator, calls copy constructor

Author: WDH

3.5.38 periodicUpdate

void
periodicUpdate(constRange& C0 =nullRange,

constRange& C1 =nullRange,
constRange& C2 =nullRange,
constRange& C3 =nullRange,
constRange& C4 =nullRange,
constbool & derivativePeriodic =FALSE)

Description: Swapperiodicedgesof thegrid function.Assignvaluesto side=1 boundarylines

J�KML*N1O �?P4QSR Q4T J	U)V6W4U4XZY4[4\4W Q X /272/2] � \4Y)JZ^ 7 \4YBJ4^ �����>���	R<R_�*P4Q"R W4` PZa X T4bZc4d J P X4WB^4J	e4WB^

(mg is the MappedGrid associatedwith this grid function) aswell asall ghostlines on all sidesthat have periodic
boundaryconditions.

C0,C1,...C4(input) : specifywhichcomponentsto update.By default updateall components.

derivativePeriodic (input): if TRUE we assumethat thegrid function is not actuallyperiodicbut thatonly it’s derivative is.
*** This is not implementedyet ***
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3.5.39 put

int
put({ GenericDataBase& dir, constaString & name)const

Description: Outputthegrid functionontoadatabasefile.

dir (input): putontothisdirectoryof thedatabase.

name(input): thenameof thegrid functionon thedatabase.

Notes:

First somedefinitions

�gf =maximumNumberOfIndicies Themaximumnumberof dimensionsin agrid function(currentvalue=8).
�gfih =numberOfIndicies Themaximumnumberof A++ dimensions(currentvalue=4).

Herearetheitemsthataresavedin adatabase.

numberOfComponentsGrids (int) The numberof componentgrids. This is equalto the numberof mappedGrid-
Functions thatarein thegrid collection.

positionOfComponent (IntegerArray(N))Thepositions(base0)of thecomponentpositionsaresavedin positionOf-
Component(i),

+ �����>���	R<R_R<� f .

positionOfCoordinate (IntegerArray(N))Thepositions(base0) of the3 coordinatepositionsaresavedin position-
OfCoordinate(i),

+ �����>���2
 . Thedefaultvalueandthevaluefor unusedentriesis f =maximumNumberOfIndicies.

positionOfFaceCentering (int) For afacecentredgrid functionof standardtypethis is thepositionof thefacecentering.
For all othertypesof grid functionsthishasavalueof m � .

faceCentering (enumfaceCenteringType)Thefacecenteringtypefor thegrid function.Default valueis none � m � .
numberOfDimensions Thenumberof spacedimensions,���>� , or 
 .

isACoefficientMatrix (bool) If TRUE (=1) thenthis is acoefficientmatrix,default is FALSE (=� ).

stencilType (enumStencilTypes)Thetypeof stencilfor acoefficientmatrix,default is standardStencil (=� ).

stencilOffset (int) Thestenciloffsetfor acoefficient matrix,default value= � .

stencilWidth (int) Thestencilwidth for acoefficient matrix,default value= � .

R[i].base (int) (i=0,1,...,N) Thebaseof theRangeobjectR[i] whichholdsthebaseandboundfor position
+
. For

unusedpositionsthedefault is 0. Thereis oneextraRange,R[N]=Range(0,0)whichexistsjustfor convenience.

R[i].bound (int) (i=0,1,...,N) Theboundof theRangeobjectsR[i]. For unusedpositionsthedefault is 0.

numberOfNames (int) Thenumberof namesthataresaved. (seenext item).

name[i] (aString)(i=0,1,...,numberOfNames-1) Thenamesfor thegrid functionandits components.

mappedGridFunctionList[i] (i=0,1,...,numberOfGrids-1) ThemappedGridFunctions thatarefoundin
thisgrid collectionfunction.Seethedocumentationon theput memberfunctionfor amappedGridFunction

3.5.40 reference

void
reference(constGridCollectionFunction & cgf )

Description: Usethis functionto referenceoneGridCollectionFunctionto another. Whentwo (or more)grid functionshave
beenreferencedthey sharethesamearraydatasothatchangesto onegrid functionwill changeall theotherreferenced
grid functions. Only the arraydatais referenced.Otherpropertiesof the grid function suchascell-centrednesscan
be changedin the referencedgrid function. The ”shape”of the referencedgrid function canalsobe changedwithout
changingthereferencee:cgf.

Author: WDH
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3.5.41 setBoundaryConditionValue

void
setBoundaryConditionVI alue(constreal& value,

constint & component=forAll,
constint & index =forAll,
constint & side=forAll,
constint & axis=forAll,
constint grid0 =forAll
)

Description: Setsomevaluesfor boundaryconditions.This routinejust calls thefunctionof thesamenamein theMapped-
GridOperators.

3.5.42 setFaceCentering

void
setFaceCentering(constint & axis=defaultValue)

Description: Setthetypeof facecentering,thebehaviour of this functiondependson whethertheargument”axis” hasbeen
specifiedor elseif thecurrentvaluefor getFaceCentering().

axis (input): 1. if ”axis” is giventhenmakeall componentsfacecentredin direction=axis

2. if getFaceCentering()==all: make componentsfacecenteredin all directions,thegrid functionshouldhave been
contructedor updatedusingthefaceRangeto specifywhich Index is to beusedfor the”directions”

For furtherexplanationseesection4.

Author: WDH

3.5.43 setInterpolant

void
setInterpolant(Inter polant *inter polant )

Description: Setapointerto aninterpolantto use.Thiswill NOT changetheinterpolantassociatedwith theGridCollection.

3.5.44 setIsCellCentered

void
setIsCellCentered(constbool trueOrFalse,

constIndex & axis0=nullIndex,
constIndex & component0=nullIndex,
constIndex & component1=nullIndex,
constIndex & component2=nullIndex,
constIndex & component3=nullIndex,
constIndex & component4=nullIndex,
constIndex & grid0 =nullIndex)

Description: Changethecell centered-nessof thegrid function.By default setall componentsandall grids.

trueOfFalse(input): makecell-centredor not.

axis0: setthevaluefor thisaxis,by default setall axes.

component0,component1,(input): setthevaluefor thesecomponents,by default setall components.

grid0 (input): setthis s componentgrid.
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3.5.45 setIsFaceCentered

setIsFaceCentered(constint & axis0=forAll ,
constIndex & component0=nullIndex,
constIndex & component1=nullIndex,
constIndex & component2=nullIndex,
constIndex & component3=nullIndex,
constIndex & component4=nullIndex,
constIndex & grid0 =nullIndex)

Description: Makeacomponentof agrid functionfacecentredalongthegivenaxis

axis0: setthevaluefor thisaxis,by default setall axes.

component0,component1,(input): setthevaluefor thesecomponents,by default setall components.

3.5.46 setName

void
setName(constaString & name,

constint & component0=defaultValue,
constint & component1=defaultValue,
constint & component2=defaultValue,
constint & component3=defaultValue,
constint & component4=defaultValue)

Description: Setthenameof thegrid functionor acomponentasin

u.setName("nameOfGridFunction");
u.setName("nameOfComponent0",0);
u.setName("nameOfComponent1",1);

name: thenameof thegrid functionor component.

component0,component1,...(input): givethenamefor thiscomponent.if all of component0,component1,component2==de-
faultValuethenthenameof thegrid functionis set.Otherwisethedefault valuebecomesthebasevaluefor thatcompo-
nent.

3.5.47 setOperators

void
setOperators(GenericCollectionOperators& operators0)

Description: Supplya derivative objectto usefor computingderivativeson all componentgrids.This operatoris usedfor the
memberfunctions.x .y .z .xx .xy etc.

operators0: usetheseoperators.

3.5.48 updateCollections

int
updateCollections()

Description: UpdatetherefinementLevel (andeventuallyothercollections)This is aprotectedmember.
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3.5.49 updateToMatchGrid

updateReturnValue
updateTt oMatchGrid()

updateReturnValue
updateToMatchGrid(GridCollection & gridCollection0)

updateReturnValue
updateToMatchGrid(const Range& R0 = nullRange,

constRange& R1 = nullRange,
constRange& R2 = nullRange,
constRange& R3 = nullRange,
constRange& R4 = nullRange,
constRange& R5 = nullRange,
constRange& R6 = nullRange,
constRange& R7 = nullRange)

updateReturnValue
updateToMatchGrid(GridCollection & gc,

constRange& R0,
constRange& R1 =nullRange,
constRange& R2 =nullRange,
constRange& R3 =nullRange,
constRange& R4 =nullRange,
constRange& R5 =nullRange,
constRange& R6 =nullRange,
constRange& R7 =nullRange)

Description: Updateagrid function.Optionallyspecifyanew grid andnew Ranges.

gc (input): updateto matchthisgrid.

R0, R1, ... (input): UsetheseRangeobjectsto determinethegrid functiondimensions.

Return Values: Returnavaluefrom theenumeratorupdateReturnValue:

enum updateReturnValue // the return value from updateToMatchGrid is a mask of the fol-
lowing values

{
updateNoChange = 0, // no changes made
updateReshaped = 1, // grid function was reshaped
updateResized = 2, // grid function was resized
updateComponentsChanged = 4 // component dimensions may have changed (but grid was not re-

sized or reshaped)
};

Author: WDH

updateReturnValue
updateToMatchGrid(GridCollection & gridCollection0,

constGridFunctionParameters::GridFunctionType & type,
constRange& component0,
constRange& component1=nullRange,
constRange& component2=nullRange,
constRange& component3=nullRange,
constRange& component4=nullRange)

Description: Use this updatefunction to createa grid function of a given type. Seethe commentsin the corresponding
constructor.
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updateReturnValue
updateToMatchGrid(const GridFunctionT ype & type,

constRange& component0,
constRange& component1=nullRange,
constRange& component2=nullRange,
constRange& component3=nullRange,
constRange& component4=nullRange)

Description: Use this updatefunction to createa grid function of a given type. Seethe commentsin the corresponding
constructor.

updateReturnValue
updateToMatchGrid(GridCollection & gridCollection0,

constGridFunctionParameters::GridFunctionType & type)

Description: Usethisupdatefunctionto createagrid functionof agiventype,thecomponentsareleft unchanged.

updateReturnValue
updateToMatchGrid(const GridFunctionT ype & type)

Description: Usethisupdatefunctionto createagrid functionof agiventype,thecomponentsareleft unchanged.

updateReturnValue
updateToMatchGridFunction(const GridCollectionFunction & cgf)

updateReturnValue
updateToMatchGridFunction(const GridCollectionFunction & cgf,

constRange& R0,
constRange& R1 =nullRange,
constRange& R2 =nullRange,
constRange& R3 =nullRange,
constRange& R4 =nullRange,
constRange& R5 =nullRange,
constRange& R6 =nullRange,
constRange& R7 =nullRange)

Description: Updatethis grid function to matchanothergrid function(this is like usingthe= operatorbut it avoidscopying
thearraydata)

cgf (input): matchto thisgrid function.

R0, R1, ... (input): optionalrangesto changethedimensions.

updateToMatchnumberOfGrids

updateReturnValue
updateToMatchNumberOfGrids(GridCollection & gc )

Purpose: UpdatetheGridCollectionFunctionsothatit hasthecorrectnumberof components.Thecomponentsarenotdimen-
sionedcorrectly.

updateToMatchComponentGrids

updateReturnValue
updateToMatchComponentGrids()

Purpose: Updatethegrid collectionto matchthecomponentgrids
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3.5.50 sizeOf

real
sizeOf(FILE| *file = NULL) const

Description: Returnnumberof bytesallocatedby thisobject;optionallyprint detailedinfo to afile

file (input) : optinally supplyafile to write detailedinfo to. Choosefile=stdoutto write to standardoutput.

Return value: thenumberof bytes.

3.5.51 fixupUnusedPoints

int
fixupUnusedPoints(constRealArray & value= nullRealArray(),

int numberOfGhostlines=1)

Description: Assignvaluesto pointson a grid function that correspondto unusedpoints(mask==0).By default all unused
pointsaresetto zero.Usethevaluearrayto setunusedpointsto particularvalues.

value (input) : if supplied,assignvalue(n)to unusedpointsof componentn anddo not changeany componentsnot foundin
value.If not suppliedsetall unusedpointsto zero.

numberOfGhostLines (input) : Indicatehow many ghostlinesareusedin thecomputation.Otherghostline valueswill all
besetto zero.

3.5.52 Examples

In this examplewe make a GridCollectionFunctionfrom a GridCollection.We assignthecomponentgrid functions(accessed
using[ ]) in A++ style.Weshow how to usethereference andbreakReference functions.

...

GridCollection gc(...); // here is a GridCollection or CompositeGrid
doubleGridCollectionFunction u(gc),v;
u[0]=5.; // mapped grid function for grid 0
Index I(0,10);
u[1](I,I)=3.; // mapped grid function for grid 1
v.reference(u); // v is referenced to u
v[1]=7.; // changes u as well
v.breakReference(); // v is no longer referenced to u

// Here is how to dimension a grid function after it has been declared:
floatGridCollectionFunction w;
w.updateToMatchGrid( gc,all,all,all,Range(0,1) );
...
// give names to the grid function and components
w.setName("w"); // name grid function
w.setName("w.0",0); // name component 0
w.setName("w.1",1); // name component 1
cout << w.getName() << "," << w.getName(0) << "," << w.getName(1) << endl;

}
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4 Cell-centredand Face-centredGrid Functions

In this sectionwediscusscell-centredandface-centredgrid functions– how to createthemandhow to usethem.
In a vertex-centredgrid function thesolutionvaluesaredefinedat theverticesof thegrid (i.e. at thepositionsdefinedby

thevertex array).By default agrid functiondefinedonavertex-centredgrid will bevertex centered.
In a cell-centredgrid function the solutionvaluesareassumedto bedefinedat the centersof the cells. By default a grid

functiondefinedonacell-centredgrid will becell-centred.
In a face-centredgrid function the solutionvaluesaredefinedon the faceof the cell. In 2D therearetwo possibletypes

of face-centeredgrid functionsandin 3D therearethreepossibilities.A facecenteredgrid function is vertex centredin one
directionandcell centredin theothers.

In threespacedimensionsagrid functioncouldalsobedefinedonanedge.An edge-centredgrid functionis vertex-centred
in two directionsandcell centredin one.

4.1 Creating face/cell/vertex centredgrid functions in standard form
Theeasiestwayto createany of thecommonlyusedgrid functionsis to usetheconstructorthattakesaGridFunctionType
andoptionalRangesto specifycomponents:

MappedGridFunction(MappedGrid & mg,
const GridFunctionParameters::GridFunctionType & type,
const Range & component0=nullRange,
const Range & component1=nullRange,
const Range & component2=nullRange,
const Range & component3=nullRange,
const Range & component4=nullRange )

Thisconstructoris usedto createagrid functionof somecommontypesin standardform. A grid functionin standardform
will have thefirst 3 index positionsoccupiedby thecoordinatedirections.Any componentindiceswill follow thecoordinate
indicies. In additionto theconstructorthereis a correspondingupdateToMatchGrid functionthatcanbeusedto change
thetypeand/orcomponentdimensionsof agrid functionthathasalreadybeenconstructed.

Thestandardtypesof grid functionsaredefinedin theenumGridFunctionType,(thisenumis foundin theclassGridFunc-
tionParameters),

enum GridFunctionType
{

general,
vertexCentered,
cellCentered,
faceCenteredAll,
faceCenteredAxis1,
faceCenteredAxis2,
faceCenteredAxis3
};

where

� vertexCentered: grid functionis vertex centred

� cellCentered: grid functionis cell centred

� faceCenteredAll: thegrid functionhascomponentsthatarefacecentredin eachdirection

� faceCenteredAxis1: grid functionis facecentredalongaxis1,(axis1==0)

� faceCenteredAxis2: grid functionis facecentredalongaxis2,(axis2==1)

� faceCenteredAxis3: grid functionis facecentredalongaxis3,(axis3==2)

A grid functionwith typefaceCenteredAxis1 will bevertex centeredalongaxis1 andcell-centeredalongtheother
axes.Thusin 2D thegrid functionwill liveon theverticalfacesof thegrid cellsasshown in figure6.
Similiarly agrid functionwith typefaceCenteredAxis2 will bevertex centeredalongaxis2 andcell-centeredalongthe
otheraxes.Thusin 2D thegrid functionwill liveon thehorizontalfacesof thegrid cellsasshown in figure7.
A grid function that is definedto befaceCenteredAll will have componentsthat live on eachof the faces.This is ac-
complishedby addinganextracomponentindex to thegrid function;thedimensionof thisextracomponentbeingequalto the
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Figure6: A grid functionof typefaceCenteredAxis1
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Figure7: A grid functionof typefaceCenteredAxis2

numberof spacedimensions(i.e. thenumberof differentfaces).Thusfor example,onecouldmakeagrid function,faceNor-
mals, thatholdsvectorsthatarenormalsto thefacesof every cell. Someof thenormalsarefaceCenteredAxis1, some
arefaceCenteredAxis2 andsomearefaceCenteredAxis3.

Thenext codefragment

MappedGrid mg(...); // create a grid some-how
realMappedGridFunction u(mg,GridFunctionParameters::cellCentered,2);

will createa cell-centeredgrid function with two components.The namecellCentered is definedwithin the Class
GridFunctionParameters (to avoid polluting theglobalnamespace)andsowe mustindicateits scopewhenwe useit.
Below weshow how to do this in aneasierway. Theabove declarationwouldbeequivalentto

MappedGrid mg(...); // cell-centered MappedGrid
Range all;
realMappedGridFunction u(mg,all,all,all,2);

assumingthattheMappedGrid werecell centered.Anotherway to do this would beto usetheupdateToMatchGrid
memberfunction

MappedGrid mg(...);
realMappedGridFunction u;
u.updateToMatchGrid(mg,GridFunctionParameters::cellCentered,2);

Beforepresentingany furtherexampleslet usfirst definesomevariablesvertexCentered, cellCentered, etc. so
thatwedonothave to indicatethescope,GridFunctionParameters::vertexCentered, whenreferingto entriesin
theGridFunctionTypeenum,

const GridFunctionParameters::GridFunctionType vertexCentered =GridFunctionParameters::vertexCentered;
const GridFunctionParameters::GridFunctionType cellCentered =GridFunctionParameters::cellCentered;
const GridFunctionParameters::GridFunctionType faceCenteredAll =GridFunctionParameters::faceCenteredAll;
const GridFunctionParameters::GridFunctionType faceCenteredAll =GridFunctionParameters::faceCenteredAll;
const GridFunctionParameters::GridFunctionType faceCenteredAxis1 =GridFunctionParameters::faceCenteredAxis1;
const GridFunctionParameters::GridFunctionType faceCenteredAxis2 =GridFunctionParameters::faceCenteredAxis2;
const GridFunctionParameters::GridFunctionType faceCenteredAxis3 =GridFunctionParameters::faceCenteredAxis3;

Giventhesedefinitionsherearesomeexamples

realMappedGridFunction u(mg,vertexCentered,2); // u(mg,all,all,all,0:1);
realMappedGridFunction u(mg,cellCentered,2,3); // u(mg,all,all,all,0:1,0:2);

realMappedGridFunction u(mg,faceCenteredAxis1); // u(mg,all,all,all);
realMappedGridFunction u(mg,faceCenteredAxis2,Range(2,3)); // u(mg,all,all,all,2:3);
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realMappedGridFunction u(mg,faceCenteredAll); // u(mg,all,all,all,0:d-1);
realMappedGridFunction u(mg,faceCenteredAll,2); // u(mg,all,all,all,0:1,0:d-1);
realMappedGridFunction� u(mg,faceCenteredAll,3,2);// u(mg,all,all,all,0:2,0:1,0:d-1);

Thecommentfollowing eachdeclarationdefinestheshapeof the resultinggrid function. (Hered is thenumberof space
dimensions).Notethatthegrid functionscreatedalwayshave the3 coordinateindicesfirst, followedby thecomponentindices
(standardform). Also notethat thegrid functionswith typefaceCenteredAll have anextra index addedto theend. The
valueof this index determinesthe facecentered-ness.Thus,in thegrid functiondeclaredu(mg,faceCenteredAll) the
component,u(all,all,all,i), will befacecenteredalongaxis=i, for

+ �����>���	R<R_R<� # m � , asshown againbelow

realMappedGridFunction u(mg,faceCenteredAll);

u(all,all,all,0) <---> faceCenteredAxis1
u(all,all,all,1) <---> faceCenteredAxis2 (if d>1)
u(all,all,all,2) <---> faceCenteredAxis3 (if d>2)

Herearesomemoreexampleswherewealsoindicatethevaluereturnedby someof thequerymemberfunctions

realMappedGridFunction u(mg,faceCenteredAxis2,Range(0,1),Range(1,1)); // u(mg,all,all,all,0:1,1:1)
u.getGridFunctionType() == faceCenteredAxis2
u.getGridFunctionTypeWithComponents() == faceCenteredAxis2With2Components
u.getNumberOfComponents() == 2 // number of component indicies, 0=scalar, 1=vector, 2=matrix
u.getFaceCentering() == direction1

realMappedGridFunction u(mg,faceCenteredAxis1); // u(mg,all,all,all)
u.getGridFunctionType() == faceCenteredAxis1
u.getGridFunctionTypeWithComponents() == faceCenteredAxis1With0Components
u.getNumberOfComponents() == 0
u.getFaceCentering() == direction0

realMappedGridFunction u(mg,faceCenteredAll,3); // u(mg,all,all,all,0:2,0:d-1)
u.getGridFunctionType() == faceCenteredAll
u.getGridFunctionTypeWithComponents() == faceCenteredAllWith1Component
u.getNumberOfComponents() == 1
u.getFaceCentering() == all

If youneedto determinethegridFunctionTypefor asubsetof thecomponentsof agrid functionthenyoucanpassoptional
argumentsto thegetGridFunctionType memberfunctionto indicatewhich componentsyou wantto determinethetype
of,

realMappedGridFunction u(mg,faceCenteredAll,Range(0,1)); // u(mg,all,all,all,0:1,0:d-1)

u.getGridFunctionType() == faceCenteredAll
u.getGridFunctionType(0) == faceCenteredAll
u.getGridFunctionType(Range(0,1)) == faceCenteredAll

u.getGridFunctionType(0,0) == faceCenteredAxis1
u.getGridFunctionType(Range(0,1),0) == faceCenteredAxis1
u.getGridFunctionType(0,1) == faceCenteredAxis2 (if d>1)
u.getGridFunctionType(0,2) == faceCenteredAxis3 (if d>2)

In the above examplewe seethat a grid function of typefaceCenteredAll hassomecomponentsthat arefaceCen-
teredAxis1, somethatarefaceCenteredAxis2 andsomethatarefaceCenteredAxis3.

YoucanchangethegridFunctionType of anexistinggrid functionby usingupdateToMatchGrid asshown in the
next example:

realMappedGridFunction u(mg,faceCenteredAxis1,Range(0,1)); // u(mg,all,all,all,0:1)

u.updateToMatchGrid(faceCenteredAxis2); // u(mg,all,all,all,0:1)
u.updateToMatchGrid(mg,faceCenteredAxis3); // u(mg,all,all,all,0:1)

u.updateToMatchGrid(cellCentered,Range(1,3),Range(-1,1)) // u(mg,all,all,all,1:3,-1:1)

Notethatthegrid functionretainsits componentsif nonew valuesaregiven.

4.2 Grid functions with arbitrary centredness

Thenormalusercanprobablyignorethis section.
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This sectiondescribeshow to make grid function with arbitrarycenterednessand also how to make face-centeredgrid
functionsthatarenot in standardform.

In orderto representall thesetypesof centeringagrid functionhasanintArray calledisCellCentered which indicates
thecenteringof thegrid function in eachcoordinatedirection. Actually eachcomponentof a grid functioncanhave its own
centeringbut wewill ignorethis for now. Thus,for example,

isCellCentered(axis)
type axis=0 axis=1 axis=2
vertex centred FALSE FALSE FALSE
cell centred TRUE TRUE TRUE
facecentredalongaxis=0 FALSE TRUE TRUE
facecentredalongaxis=1 TRUE FALSE TRUE
facecentredalongaxis=2 TRUE TRUE FALSE
edgecentred TRUE FALSE FALSE
edgecentred FALSE TRUE FALSE
edgecentred FALSE FALSE TRUE

ThememberfunctionssetIsCellCentered, setIsFaceCentered andsetFaceCentering canbeusedto cre-
ategrid-functionswith variouscenterings.Themostgeneralfunctionis setIsCellCentered. Themostgeneralfunction
for creatingfacecenteredgrid functionsis setIsFaceCentered while thefunctionsetFaceCentering canbeusedto
createface-centredgrid functionsof somestandardforms.

4.2.1 Semi-generalface-centred grid functions

Although thegrid functionssupporta very generaltypeof face-centering,in practiceoneoftenusesmorespecializedforms.
Thetwo commonformsof face-centredgrid functionsare

1. A grid functionfor whichall componentsareface-centredin thesamedirection(i.e. alongthesameaxis).For example

...
const int axis1=0, axis2=1, axis3=2;
MappedGrid mg(...);
Range all; // a null Range is used when constructing grid functions, it indicates

// the positions of the coordinate axes

realMappedGridFunction u(mg,all,all,all,Range(0,1));
u.setFaceCentering(axis1); // u(I1,I2,I3,0:1) : all components face centred along di-

rection 0

u.updateToMatchGrid(Range(0,2),all,all,all);
u.setFaceCentering(axis2); // u(0:2,I1,I2,I3) : all components face centred along di-

rection 1

2. A grid functionwhereeachcomponentis facecentredin all spacedirections,for example

...
MappedGrid mg(...);

realMappedGridFunction u(mg,all,all,all,Range(0,1),faceRange);
// u(I1,I2,I3,0:1,0) : these components are face-centred along direction 0
// u(I1,I2,I3,0:1,1) : these components are face-centred along direction 1
// u(I1,I2,I3,0:1,2) : these components are face-centred along direction 2 (if the grid is 3D)

u.updateToMatchGrid(mg,all,all,all,faceRange,Range(0,0),Range(0,2));
// u(I1,I2,I3,0,0:0,0:2) : these components are face-centred along direction 0
// u(I1,I2,I3,1,0:0,0:2) : these components are face-centred along direction 1
// u(I1,I2,I3,2,0:0,0:2) : these components are face-centred along direction 2 (if the grid is 3D)

Note that thespecialRange,faceRange is usedto indicatethepositionof the facecenteringcomponent.This com-
ponentwill bedimensionedwith a Range= Range(0,numberOfDimensions-1).Note thatonly oneoccurenceof fac-
eRange mustappearin theargumentlist.
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To determineif a grid functionis of a giventypeof face-centeringusethefunctiongetFaceCentering which returns
avaluefrom theenumeratorfaceCenteringType (foundin aMappedGridFunction):

enum faceCenteringType // Here are some standard types of face centred grid functions
{

none=-1, // not face centred
direction0=0, // all components are face centred along direction (i.e. axis) = 0
direction1=1, // all components are face centred along direction (i.e. axis) = 1
direction2=2, // all components are face centred along direction (i.e. axis) = 2
all=-2 // components are face centred in all directions, positionOfFaceCentering determines

}; // the Index position that is used for the "directions"
}

To further illustratetheseideas,considerthefollowing functionwhich determineswhethera grid functionis of oneof the
standardtypes:

void determineFaceCentering( realMappedGridFunction & u )
{

switch (u.getFaceCentering())
{
case GridFunctionParameters::none :

cout << " this is not a standard face centered variable \n";
break;

case GridFunctionParameters::all :
cout << "this function has components that are face centred in all space dimensions\n";
cout << "The value u.positionOfFaceCentering = " << u.positionOfFaceCentering << ", "

"gives the position of the faceRange";
break;

case GridFunctionParameters::direction0 :
cout << "all components are face centered along direction=0 \n";
break;

case GridFunctionParameters::direction1 :
cout << "all components are face centered along direction=1 \n";
break;

case GridFunctionParameters::direction2 :
cout << "all components are face centered along direction=2 \n";
break;

default:
cout << "Unknown face-centering type! This case should not occur! \n";

};

For further examplesseethe programOverture/tests/cellFace.C which testsvariousaspectsof cell and face
centredgrid functions.
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5 Inter polant: Inter polating Grid Functions

The Interpolantclassis usedfor interpolatinga CompositeGridFunction– i.e. obtainingvaluesat the interpolationpointsin
termsof thevaluesat theotherpoints. OnceanInterpolantobjecthasbeenmadeit canbeusedin oneof two ways. Onecan
eitherusetheinterpolate functionin theInterpolantclassor onecanusetheinterpolate functionthatappearsin the
grid functionclass.

WhenanInterpolantis associatedwith aCompositeGrid, theCompositeGridwill bechangedandwill holdapointerto the
Interpolant.Any GridFunctionassociatedwith theCompositeGridwill beableto usetheInterpolantfoundthere.This allows
GridFunctionsto magicallyknow how to interpolantthemselves.

5.1 Member Functions

For now it is only possibleto interpolatearealCompositeGridFunction or arealMultigridCompositeGrid-
Function.

5.1.1 Constructors

Inter polant()

Decsription: Default constructor.

Inter polant(CompositeGrid & cg0)

Decsription: Createaninterpolantandassociatewith aCompositegrid.

cg0(input): assoicatetheinterpolantwith thisCompositeGrid.

5.1.2 interpolatea CompositeGridFunction

int
interpolate( realCompositeGridFunction& u,

constRange& C0 = nullRange,
constRange& C1 = nullRange,
constRange& C2 = nullRange)

Description: Interpolatetheinterpolationboundaryof aCompositeGridFunction

u (input/output): fill in thevalueson theinterpolationboundaryusingothervalueson thegrid function.

C0, C1, C2 (input): optionallyspecifycomponentsto interpolate.Forexampleinterpolant.interpolate(u,Range(1,2))
to interpolatecomponents1 and2.

Return Values: 0 = success,positivevalueis anerror.

5.1.3 interpolatea singlegrid fr om a CompositeGridFunction

int
interpolate( int gridToInterpolate only interpolate this grid.,

realCompositeGridFunction& u,
constRange& C0 = nullRangeoptionally specifycomponentsto interpolate,
constRange& C1 = nullRange,
constRange& C2 = nullRange)

Description: Interpolatetheinterpolationboundaryof aCompositeGridFunction

gridToInterpolate (input) : interpolatethisgrid (-1 ==¿doall grids.)

u (input/output): fill in thevalueson theinterpolationboundaryusingothervalueson thegrid function.

C0, C1, C2 (input): optionallyspecifycomponentsto interpolate.Forexampleinterpolant.interpolate(u,Range(1,2))
to interpolatecomponents1 and2.

Return Values: 0 = success,positivevalueis anerror.
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5.1.4 interpolatespecifiedgrids fr om a CompositeGridFunction

int
interI polate( realCompositeGridFunction& u,

IntegerArray & gridsToInterpolateonly interpolate thesegrids.,
constRange& C0 = nullRangeoptionally specifycomponentsto interpolate,
constRange& C1 = nullRange,
constRange& C2 = nullRange)

Description: Interpolatetheinterpolationboundaryof aCompositeGridFunction

Note: No AMR styleinterpolationwill beappliedwhenonly somegridsareinterpolated.

u (input/output): fill in thevalueson theinterpolationboundaryusingothervalueson thegrid function.

gridsToInterpolate (input) : anarrayof lengthcg.numberOfComponentGrids(),which specifiesto interpolategrid g if grid-
sToInterpolate(g)!=0

C0, C1, C2 (input): optionallyspecifycomponentsto interpolate.Forexampleinterpolant.interpolate(u,Range(1,2))
to interpolatecomponents1 and2.

Return Values: 0 = success,positivevalueis anerror.

5.1.5 interpolatespecifiedgrids fr om specifiedgrids

int
interpolate( realCompositeGridFunction& u,

IntegerArray & gridsToInterpolatespecifywhich grids to interpolate,
IntegerArray & gridsToInterpolateFrom specifywhich grids to interpolate fr om,
constRange& C0 = nullRangeoptionally specifycomponentsto interpolate,
constRange& C1 = nullRange,
constRange& C2 = nullRange)

Description: Interpolatetheinterpolationboundaryof aCompositeGridFunction

u (input/output): fill in thevalueson theinterpolationboundaryusingothervalueson thegrid function.

gridsToInterpolate (input) : anarrayof lengthcg.numberOfComponentGrids(),which specifiesto interpolategrid g if grid-
sToInterpolate(g)!=0

gridsToInterpolateFrom (input) : anarrayof lengthcg.numberOfComponentGrids(),whichspecifiesto interpolatefrom grid
g if gridsToInterpolateFrom(g)!=0

C0, C1, C2 (input): optionallyspecifycomponentsto interpolate.Forexampleinterpolant.interpolate(u,Range(1,2))
to interpolatecomponents1 and2.

Return Values: 0 = success,positivevalueis anerror.

5.1.6 interpolategrid A fr om grid B

int
interpolate( realArray & ug,

int gridToInterpolate,
int interpoleeGrid,
realCompositeGridFunction& u,
constRange& C0 = nullRange,
constRange& C1 = nullRange,
constRange& C2 = nullRange)

Description: Interpolatepointsongrid ”gridToInterpolate”thatinterpolatefrom grid ”interpoleeGrid”.

Note: No AMR styleinterpolationwill beappliedwhenonly somegridsareinterpolated.
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ug (output): fill in the interpolatedvaluesinto this array. This arraywill bedimensionedto hold thepropernumberof inter-
polationpoint values.

gridT� oInterpolate (input) : interpolatepointson thisgrid.

interpoleeGrid (input) : only computepointsthatinterpolatefrom thisgrid.

C0, C1, C2 (input): optionallyspecifycomponentsto interpolate.Forexampleinterpolant.interpolate(u,Range(1,2))
to interpolatecomponents1 and2.

Return Values: 0 = success,positivevalueis anerror.

5.1.7 interpolatea refinementlevel

int
interpolateRefinementLevel( constint refinementLevel,

realCompositeGridFunction& u,
constRange& C0 = nullRange,
constRange& C1 = nullRange,
constRange& C2 = nullRange)

Description: Interpolatepointson the boundaryof a refinementlevel – only interpolateoverlappinggrid pointsfrom other
gridson thesamerefinementlevel.

refinementLevel (input) : interpolatethis refinementlevel.

u (intput/output): fill in theinterpolatedvaluesinto thisgrid function.

C0, C1, C2 (input): optionallyspecifycomponentsto interpolate.Forexampleinterpolant.interpolate(u,Range(1,2))
to interpolatecomponents1 and2.

Return Values: 0 = success,positivevalueis anerror.

5.1.8 interpolationIsExplicit

bool
interpolationIsExplicit() const

Return Values: trueif theinterpolationis explicit, falseif implicit.

5.1.9 interpolationIsImplicit

bool
interpolationIsImplicit() const

Return Values: trueif theinterpolationis implicit, falseif explicit.

5.1.10 setImplicitInter polationTolerance

int
setImplicitInter polationTolerance(real tol)

Description: Settheconvergencetolerancefor implicit interpolationwhentheimplicit equationsaresolvedby iteration.

tolerance(input) : toleranceon theresidualof theinterpolationequations.

5.1.11 setImplicitInter polationMethod

int
setImplicitInter polationMethod(ImplicitInter polationMethodEnum method)

Description: Choosebetweendifferentmethods

65



5.1.12 getImplicitInter polationMethod

ImplicitInter polationMethodEnum
getImplicitInterI polationMethod() const

Description: returnthecurrentmethodfor implicit interpolation.

5.1.13 setInterpolationOption

int
setInterpolationOption(Inter polationOptionEnum option, bool trueOrFalse)

Description: Setan interpolationoption. Setoptionsto determinewhich pointsshouldbe interpolated(for CompositeGrid’s
thathave refinementgrids).

option (input) : interpolateOverlappingRefinementPoints : assignpointson refinementgridsthatinterpolatefrom (refine-
ment) grids belongto different basegrids. Theseare points that are usually determinedby the Ogenfunction
updateRefinement.

interpolateAllRefinementBoundaries : assignpointson refinementboundaries(i.e. ghostlines) that interpolatefrom
othergridson thesamebasegrid.

interpolateHiddenRefinementPoints : assignpointsoncoarserlevelsthatinterpolatefrom finergrid patches(from the
samebasegrid).

5.1.14 getInterpolationOption

int
getInterpolationOption(Inter polationOptionEnum option )

Description: Getthevalueof aninterpolationoption.

option (input) : interpolateOverlappingRefinementPoints : assignpointson refinementgridsthatinterpolatefrom (refine-
ment) grids belongto different basegrids. Theseare points that are usually determinedby the Ogenfunction
updateRefinement.

interpolateAllRefinementBoundaries : assignpointson refinementboundaries(i.e. ghostlines) that interpolatefrom
othergridson thesamebasegrid.

interpolateHiddenRefinementPoints : assignpointsoncoarserlevelsthatinterpolatefrom finergrid patches(from the
samebasegrid).

return value: valueof theoption.

5.1.15 setInterpolateRefinements

int
setInterpolateRefinements(Inter polateRefinements& interp )

Description: SupplyanAMR interpolationobject:

interp (input) : usethis to interpolaterefinementboundariesonadaptive grids.

5.1.16 breakReference

void
breakReference()

Description: Breakany references.
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5.1.17 reference

void
refer� ence(constInter polant & interpolant )

Description: Referencethis Interpolantto another.

interpolant (input): referenceto this Interpolant.

5.1.18 updateToMatchGrid

void
updateToMatchGrid(CompositeGrid & cg0,int refinementLevel =0 )

Description: Associatethis Interpolantwith aCompositeGridandcomputetheinterpolationcoefficients.

cg0(input): associatetheinterpolantwith thisCompositeGrid.

refinementLevel : only gridson this refinementlevel andabove have beenchanged.

5.1.19 updateToMatchAdaptiveGrid

void
updateToMatchAdaptiveGrid(CompositeGrid & cg0)

Description: Usethisupdatewhenthegrid haschangedthroughtheadditionof removal of refinementgrids(but thebasegrids
havenot changed).

Onanadaptivegrid wealwaysinterpolaterefinementgridsusingexplicit interpolationor iterative implicit interpolation.
Thismeansthatwedonotneedto reformamatrix for theimplicit interpolation.Thematrixcanbeusedonthebase-grids

cg0(input): associatetheinterpolantwith thisCompositeGrid.

5.2 Examples
Hereis anexampleof usingtheInterpolantclass(file Overture/examplestestInterpolant.C)

6 Other Inter polation Functions

6.1 interpolatePoints: Inter polatea CompositeGridFunction at somegivenpoints in space

int
interpolatePoints(constrealArray & positionToInterpolate,

constrealCompositeGridFunction& u,
realArray & uInter polated,
constRange& R0=nullRange,
constRange& R1=nullRange,
constRange& R2=nullRange,
constRange& R3=nullRange,
constRange& R4=nullRange,

intArray & indexGuess=Overtur e::nullIntegerDistrib utedArray(),
intArray & interpoleeGrid=Overtur e::nullIntegerDistrib utedArray(),
intArray & wasInterpolated=Overtur e::nullIntegerDistrib utedArray())

Description: Given somepoints in space,determinethe valuesof a grid function u. If interpolationis not possiblethen
extrapolatefrom thenearestgrid point. Theextrapolationis zero-ordersothatthevalueis justsetequalto thevaluefrom
theboundary.

positionToInterpolate (input): positionToInterpolate(0:numberOfPointsToInterpolate-1,0:numberOfDimensions-1): (x,y[,z])
positionsto interpolate.Thefirst dimensionof thisarraydetermineshow many pointsto interpolate.
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u (input): interpolatevaluesfrom this grid function

uInter polated (output): uInterpolated(0:numberOfPointsToInterpolate-1,R0,R1,R2,R3,R4): interpolatedvalues

R0,R1,...,R4(input): interpolatethesecomponentsof thegrid function.R0 is therangeof valuesfor thefirst componentof u,
R1 thevaluesfor thesecondcomponent,etc.By default all componentsof u areinterpolated.

indexGuess(input/ouput): indexGuess(0:numberOfPointsToInterpolate-1,0:numberOfDimensions-1): (i1,i2[,i3]) valuesfor
initial guessfor searches.Not requiredby default.

interpoleeGrid(.) (input/output): interpoleeGrid(0:numberOfPointsToInterpolate-1): try this grid first. Not requiredby de-
fault.

wasInterpolated(.) (output) : If providedasanargument,on outputwasInterpolated(i)=TRUE if thepoint wassuccessfully
interpolated,or wasInterpolated(i)=FALSE if thepointwasextrapolated.

Err ors: This routinein principleshouldalwaysbeableto interpolateor extrapolate.

Return Values: � 0 = success
� 1 = error, unableto interpolate(this shouldnever happen)
� -N = couldnot interpolateN points,but couldextrapolate– extrapolationwasperformedfrom thenearestgrid point.

Author: WDH

Example: In thisexampleweshow how to interpolateagrid functionatarbitrarypointsin space.

CompositeGrid cg(...); // get a CompositeGrid from some-where
Range all;
realCompositeGridFunction u(cg,all,all,all,2); // grid function with two components

int numberOfPointsToInterpolate=1;
realArray positionToInterpolate(numberOfPointsToInterpolate,3),

uInterpolated(numberOfPointsToInterpolate,2);
for(;;)
{
cout << "Enter a point to interpolate (x,y) \n";
cin >> positionToInterpolate(0,0) >> positionToInterpolate(0,1) ;

int extrap = interpolatePoints(positionToInterpolate,u, uInterpolated);

if( extrap < 0 )
cout << " point was extrapolated" << endl;

uInterpolated.display("Here is uInterpolated:");
}

6.2 Inter polateAllPoints on oneCompositeGridFunction fr om another CompositeGridFunction

int
interpolateAllPoints(constrealCompositeGridFunction& uFrom,

realCompositeGridFunction& uTo )

Description: Interpolateall valueson one CompositeGridFunction,uTo, from the valuesof anotherCompositeGridFunc-
tion, uFrom. Valueson uTo areextrapolatedif they lie outsidethe region coveredby uFrom. This routinecalls the
interpolatePoints function.

uFrom (input): Usethesevaluesto interpolatefrom.

uTo (output): Fill in all valueson thisgrid (includingghost-points).

Err ors: This routinein principleshouldalwaysbeableto interpolateor extrapolateall values.
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Return Values: � 0 = success
� 1 = error, unableto interpolate
� -N = couldnot interpolateN points,but couldextrapolate– extrapolationwasperformedfrom thenearestgrid point.

Author: WDH

int
interpolateAllPoints(constrealCompositeGridFunction& uFrom,

realMappedGridFunction & uTo )

Description: Interpolateall valueson a realMappedGridFunction,uTo, from thevaluesof anotherCompositeGridFunction,
uFrom. ValuesonuTo areextrapolatedif they lie outsidetheregioncoveredbyuFrom. This routinecallstheinter-
polatePoints function.

uFrom (input): Usethesevaluesto interpolatefrom.

uTo (output): Fill in all valueson thisgrid (includingghost-points).

Err ors: This routinein principleshouldalwaysbeableto interpolateor extrapolateall values.

Return Values: � 0 = success
� 1 = error, unableto interpolate
� -N = couldnot interpolateN points,but couldextrapolate– extrapolationwasperformedfrom thenearestgrid point.

Author: WDH

Example: Hereis anexample

CompositeGrid cgFrom(...);
realCompositeGridFunction uFrom(cgFrom);
uFrom=...;

...

CompositeGrid cgTo(...);
realCompositeGridFunction uTo(cgTo);

interpolateAllPoints(uFrom,uTo);

6.3 Inter polateExposedPoints of a CompositeGridFunction for a Moving CompositeGrid

int
interpolateExposedPoints(CompositeGrid & cg1,

CompositeGrid & cg2,
realCompositeGridFunction& u1,
OGFunction *TZFlo w =NULL,
real t =0.,
constbool & returnIndexValues=FALSE,

IntegerArray & numberPerGrid = Overtur e::nullIntArray(),
intArray & ia = Overtur e::nullIntArray())

Purpose: Assignvaluesto exposedpointsin amoving grid

cg1(input): grid andgrid functionatold time

cg2(input): grid atnew time

u1: A grid functionongrid cg1.Onoutput,exposedpointsareinterpolated
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TZFlow: If specifiedandnon-NULL this pointerto a twilight-zonefunctionwill beusedto computetheerror in theinterpo-
lation. This is usedfor debugging.

t: Evaluatethetwilight-zonefunctionat this time (thetimecorrespondingto cg1).

returnIndexValues(bool) : if TRUE returnpointsthatwereinterpolatedin thearrayia:

ia(i,0:2) = (i1,i2,i3) where the number of points from each grid is stored in numberPerGrid(grid)
thus ia(i,0:2) : points interpolated from grid=0 for i=0,...,numberPerGrid(0)-

1
ia(i,0:2) : points interpolated from grid=1 for i=numberPerGrid(0),...,numberPerGrid(1)-

1

Remarks: Hereis a pictureof a 1D moving overlappinggrid that illustratestheexposedpoint on theold grid that requiresa
valuesothesolutioncanbeadvancedto thenew grid.

+---+---+---+---I Old grid, point * is unused
*---I---+---+---+---+ Points marked I are interpolation
1 2 3 4 5

+---+---+---+---I
move--> I---+---+---+---+---+ New grid, requires a value on the OLD grid

1 2 3 4 at point * to compute a derivative at point 2

NOTE: This routineassumes(andchecks)thatthenumberof grid pointshasNOT changed!
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